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Using a phosphorus- -bakelite disk for irradiation; see p. 1 
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RELIABLE INSTRUMENT PERFORMANCE 


is predicated on 


* Understanding the end use 
Electronic “Know how” 
Design technique 
Dependable components 


for better instrumentation 
SUB MINIATURE VACUUM TUBES 


5799 Diode 

5800 Electrometer tetrode 
5803 Electrometer triode 

5828 Triode, medium mu 

584] Corona Regulator, 900 V 
5950 Corona Regulator, 700 V 
VXR-130 Regulator, 130 V 

VX-10 Switch 


VIBRATOR POWER SUPPLY 


The Model 517 vibrator type power supply 
provides regulated high and plate voltages for 
counter tubes, photomultipliers and associated 





circuit from 4-'., V of battery. 


High Conversion efficiency © Low weight and size 


HI-MEGOHM RESISTORS 


Vacuum sealed in glass in a range of values from 100 megohms 
to 10,000,000 megohms. A quality resistor for today's precision 


instrumentation. 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE 
CLEVELAND 3, OHIO 
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THE COVER shows Mr. O. M. Bizzell plac- 
se: ing a phosphorus-bakelite disk in sliding Vol. 8, No. 4 
holder of animal irradiation box. Holder 
is then slid under box to align with hole 
in bottom, exposing the animal to pure 
beta radiation. Properties of these 
disks and the procedures used with them 
ore described in the article on page 17. 
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Information for Industry 


The Atomic Energy Commission announced last month that it had hired 
the Stanford Research Institute to educate industry on possible applications 
of the radiation from fission products. This was done with a view toward 
enabling industry to utilize this information in deciding whether it wished to 
invest money in this phase of the atomic energy field. 

Such an “information for industry”’ program is a step in the right direction 
because AEC (or its contractors) is able to determine the kind of information 
which industry can use, whereas industry is less able to determine what it 
wants to know. Realizing this ability on the part ol! AEC, its Ad Hoe Advi- 
sory Committee on Technological Information for Industry recommended that 
t technological information officer be appointed by AKC to “facilitate the 
passage of information from AEC authors to the technical press.”’ 

In making its report in which this recommendation was included, the Ad 
Hoc Committee stated that publication of certain “interesting” material 
should be encouraged. However, it made no recommendation for any direct, 
positive action on the part of the AEC. We would like to see the AEC go 
one step beyond encouragement and take direct action in seeing to it that mate- 
rial of interest to industry is actually published. 

AEC is to be complimented for appointing a technological information 
officer. Now we would like to see this job used as the basis for setting up 
programs similar in purpose to the Stanford project in all declassifiable phases 
of the atomic energy program, 
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Science Foundation 


The National Science Foundation was established on May 10, 1950. With 
the appointment last month of Dr. Alan T. Waterman as its first director, the 
Foundation’s basic organization is complete. With the realization of the 
vital role which basic research plays in our lives, we hope that the new director 
will help pattern the Foundation’s program along the lines of the very suc- 
cessful one set up under him at the Office of Naval Research and that he will 
fight for the millions of dollars necessary to carry out such a program. 


Nuclear-Powered Planes 


At the end of February, the AEC announced that the Nuclear Energy for 
Propulsion of Aircraft (NEPA) program will be terminated on April 30. It is 
reported that negotiations are under way for the General Electric Company to 
carry on with the aircraft nuclear propulsion program, perhaps in cooperation 
with Consolidated-Vultee Corporation. 

In its announcement, the AEC stated that one phase of its nuclear-powered 
flight program had been completed. However, it appears to us that what is 
being sought is a new approach to the same problem, the first approach having 
been worked on for over four years. What is probably needed here is what 
has been needed for some time in the AEC’s over-all reactor program—a direct 
engineering approach. —J.D.L. 


meetings. 


Random Notes 


e Each month, many things occur in the 


Mostly we'll tell how we edit 
NUCLEONICS and why we publish cer- 
tain articles. Sometimes we may give 
editorial office of NUCLEONICS which 


the editor would like 


background information on one or several 


to tell his readers articles appearing in the issue in which 


about. More times than not, the subject 
is one which cannot be described in one of 
the existing sections of the journal. A nd 
so the editor is frustrated. It ts to relieve 
just such frustrations that this new depart- 
ment, ‘‘Random Notes,” has been started 
and appears here for the first time. 

The writing for this department will be 
informal. We intend to tilt back in our 
chair and dent the top of our desk with our 
heels. Then we'll write as if the readers 
are present at one of our monthly staff 
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we’re writing. Other times we may 
thump our chests about a wonderful article 
which we have coming up in the next issue 
and relate the difficulties we had in arrang- 
ing for publication of the article (assum- 
ing such difficulties existed). 

And then there'll be the times (perhaps 
frequent) when we'll toss in something 
more related to nucleonics, the field, than 
to NUCLEONICS, the journal. In any 
event, it should be obvious by now that this 


Continued on page 95) 
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@ Measures 0.3 R per hr. to 3000 R per hr. 
@ Locates beams in particle accelerators 
@ With light-weight 6’ probe, operator can 

work from behind protective lead sheath 


9 TIMES THE EFFICIENCY 


of normal boron counters! 


General Electric’s new ENRICHED counter 


@ Measures neutron flux 
@ Counts neutrons from particle 
accelerators 
as é ;  é iS1CS 
@ Has many health physic WANT MORE 


applications INFORMATION? 

FREE RADIATION HANDBOOK ane oe Stee oe 

Section 687-52, Appa- 

Ask your G-E salesman for a copy. It ratus Department, Gen- 

lists a complete line of General Electric eral Electric Company, 
equipment for radiation laboratories. Schenectady, N. Y. 


You can put your confidence in — 
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Considerations in the 


USE OF A 23-MEV MEDICAL BETATRON* 





Advantages of the betatron for therapy are considered. 
In use of the machine, operator and patient must be pro- 
tected. With procedures outlined, effective shielding can 
be obtained without sacrificing convenience of operation 


By J. S. LAUGHLIN 


Department of Radiology, University of Illinois, College of Medicine 
Chicago, Illinois 


ROUTINE TREATMENT of patients with the University of Illinois medical betatron 


commenced in the summer of 1949. 


The first use here of a betatron on a human 


patient was carried out in 1948 in the Department of Physics (1). 
Both the electron and X-ray beams are employed alternatively on a regular 


schedule 


Preliminary clinical experience is described elsewhere (2). 


Physical Considerations in Applying Betatron Radiation for Therapy. In 


investigating methods of cancer therapy, many types of radiations have been 


used. 
should be examined. The suitability of 
the 23-Mev betatron for these purposes 


rests on at least four of its properties. 


1. The depth-dose distribution pro- 
duced in the absorption of these high- 
energy X-rays reaches a maximum well 
below the surface of a water-equivalent 
body (at a depth of about 4 ¢m in the 
case of the University of Illinois 23-Mev 
betatron) and has minima on both the 
A typical 
distribution is shown in Fig. 1. A sig- 
nificant feature of this distribution is the 


entrance and exit surfaces. 


high dose at considerable 
depth, due to the penetration of the 
high-energy comparison 


with conventional 200-kv X-rays, where 


percentage 


X-rays. In 


* Based on paper entitled ‘‘ Physical Meas- 
urements with the University of Illinois Medical 
Betatron’’ presented before The Sixth Inter- 
national Congress of Radiology, London, July, 
1950 

This investigation was supported in part by a 
research grant from the National Institutes of 
Health, Public Health Service, and the American 
Cancer Society. ‘ 
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It is natural, then, that use of the radiations available from the betatron 


under similar conditions the dose at 
12 em depth would be approximately 
33% of maximum, the dose at 12 em in 
Fig. 1 is 75% of maximum. 

9. At these energies, side scatter is 
greatly minimized, in contrast to scatter 

This 
localization 


permits a 
of the 


at lower energies. 
greater degree of 
radiation inside a body. 

3. At these energies, in contrast to 
lower energies, the concentration of 
ionization in bone is not significantly 
greater than in tissue. The basis for 
this is illustrated in Fig. 2, where the 
mass absorption coefficients in bone, fat, 
and muscle, relative to air, have been 
plotted as a function of energy. In the 
photoelectric region, the values of atomic 
number employed in the calculations 
have been taken from the comprehen- 
sive measurement by Spiers (3, 4). 
The curves are an extension of his and 











FIG. 1. Typical depth dose 
distribution produced in a 
water phantom by X-rays 
from a 23-Mev betatron. A 
field of 15-cm diameter at 
80-cm target distance and an 
aluminum filter were used. 
The ion chamber shown was 
used for depth dose measure- 
ments 
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FIG. 2. Mass absorption coefficients in bone, fat, and muscle relative to air. 
Cs part of scattering coefficient corresponding to 

kinetic energy imparted to recoil electrons. 

part of absorption coefficient for pair and triplet 

formation corresponding to kinetic energy of 

secondary electrons. 

r = photoelectric absorption coefficient. 
Values of p (in gm/cm*) employed were: bone, 1.85; muscle, 1.00; fat,0.91. Absolute 
absorption in ergs/gm-r in these media are found by multiplying values in graph by 
83 ergs/gm-r. Absolute absorption in ergs/cm‘*-r for volume dose distributions are 
found by multiplying the values in the graph by (pmeq Pair) X 0.11 ergs/cm'*-r 
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to higher energies. 
That part of the absorption coefficient 


similar curves (4, 6 


for the scattering of X-rays which cor- 
responds to kinetic energy imparted to 
the electrons has been employed in cal- 
culating the contribution of the Comp- 
ton effect. 
where the absorption of quanta by the 
production of pair electrons in the fields 
of nuclei and orbital electrons is ap- 


Similarly, at higher energies 


preciable, only that part corresponding 
to kinetic energy of the secondary elec- 
trons was employed. 

The effective absorption coefficients 
for the X-ray 
spectrum can be obtained by integration 


continuous betatron 
of the data in Fig. 2 over the betatron 
The _ effective 
ratio of absorption in bone to that in air 


spectral distribution. 


is given by 


* Emax Lhe 4 
2 (EF) 
v one 


-n(E)-dE 
| — (E) | 
p air (1) 


[ — (EF) ; dE 


v0 


is that fraction of the total 
linear absorption coefficient correspond- 


W here Me 


ing to kinetic energy received by the 
secondary electrons, p is the specific 





TABLE 1 

Effective Mass Absorption Coefficients 
Per Gram-Roentgen Relative To Air 

For Continuous X-Ray Spectra 


Vaximum energy of X-ray 
spectra 


{bsorbing | 200 kv 23 Mev 50 Mev 


materia - 
l-mm (5-cm 
Cu (unfil- Al 
filter tered) filter) 


(un fil- 
tered) 


Bone 2.27 ii. 
Muscle 

or tissue 
Fat 0.91 


1.09 1.55 


1.10 | 1.09 
1.08 | 1.01 


1.10 


| 
1.06 
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gravity of the indicated material, and 
{(u./p)(E)) is the mass absorption coefhi- 
cient as a function of the quantum 
energy E. The relative number of 
quanta of energy Eisn(E). Itis based 
on the theoretical Schiff (7) intensity 
distribution, and has been modified for 
the absorption by a 5-cm Al filter. 
The ratios of mass absorption coeffi- 
cients computed with Eq. 1 are listed in 
Table 1. It is apparent that filtered 
23-Mev X-rays are not preferentially 
absorbed by bone to any important 
extent. Without filtration, the value 
for bone is about 20% higher. Even 
since the 
energy absorbed is not dissipated locally 


this would not be serious, 
because of the long range of the second- 
ary electrons. Ordinarily the presence 
of bone is not an important considera- 
tion in selecting fields to be treated with 
filtered X-rays from 23-Mev electrons. 

A similar calculation was made for the 
X-rays generated by 200-kv electrons. 
The spectral distribution employed was 
obtained from the empirical expression 
by Kulenkampff (8). The result is not 
very sensitive to the actual distribution 
assumed for the primary X-rays before 
filtration. The distribution 
was corrected for absorption in a l-mm 
copper filter. Table 1 shows the results 
of the calculation. Bone absorbs ap- 
proximately 200° more than muscle or 
fat per gram-roentgen exposed to the fil- 
tered X-rays produced by 200-kv elec- 
trons. All of this energy will be 
dissipated locally. At low energies, 
consequently, the presence of bone is a 
major limitation in the planning of a 
radiation treatment. 

The increasing probability of the for- 
mation of pair and triplet electrons with 
increasing energy is strongly dependent 
on atomic number (Z? + 0.8Z, where Z 
is the atomic number). The resulting 
divergence of absorption coefficients is 
shown in Fig. 2. The effective absorp- 
tion coefficient for the X-rays produced 
by 50-Mev electrons has been calculated 


7 


spect ral 








1 and listed in Table | 
will this divergence 

But for X-rays of 50 Mev 
} 


and higher, the presence of bone again 


Dy use of hq 
Filtration reduce 


somewhat 


hecomes a major consideration 

4. The convenience of extraction of 
the external electron beam (9, 10) is an 
advantageous property of the betatron, 


since its particular dose distribution (// 
has promising possibilities 
* ¢ 6 
Customarily nine multiple fields are 
ised to utilize the advantages of the 
betatron To minimize the exit dose of 
each field, the target distance is not al- 
lowed to exceed 80 em. 


Physical Considerations in the Shielding of the Betatron. Accompanying the 


physical advantages of the betatron for cancer therapy as enumerated in the pre- 


ceding section are special problems inherent in the betatron. 


to shielding problems are considered 


Prior to initiation of patient treat- 
ment in the summer of 1949, extensive 
measurements were made on stray radi- 
ation around the betatron in the treat- 
ment room, and also in the adjoining 
control room, shop, dark room, and 
laboratory. The stray radiation con- 
sisted of electrons, X-rays, and neutrons, 
all of wide energy distribution. Figure 
3 shows some of the points at which 
measurements were made in the radia- 
tion and control rooms. The spatial 
coordinates of the points are given in 


Table 2. 
X-Ray Intensity 


In the measurement of X-ray inten- 


sitv, the wall thickness and electrode 


ionization chamber 
The thickness re- 


between the 


geometry of the 
12). 
equilibrium 


are important 
quired for 
primary X-rays and secondary electrons 
increases with energy (1/3). For com- 


parison 


measurements should be made with a 


with the roentgen, ionization 
small cavity chamber, surrounded with 
at least equilibrium thickness of ‘‘ai 
wall”’ absorber, which necessitates cor- 
rection for the absorption of the X-rays 
in the wall. Figure 1 is a plot of the 
depth distribution of ionization in a 
water phantom exposed to the X-ray 
beam from a 23-Mev betatron filtered 
with aluminum. It indicates a transi- 
tion thickness of slightly over 4 ¢m in 


water at this energy. These data were 


Those that relate 


obtained with a flat ion chamber (vol- 


ume = 35mm) and linear amplifier 
The technique of using films for this 
purpose has also been developed. 
Linear relations between exposure and 
density, up to a density of 5.0, have been 
established for type A industrial films 
exposed in Presdwood and water phan- 
Details of the ion 


amplifier, remote controlled water phan- 


toms chambers, 
toms, and film techniques are described 
elsewhere (14, 164 

In regions of low intensity, such as 
just outside the collimated beam where 
the intensity is less than 0.1°% of that 
within the beam, larger ion chambers 
were necessary to ascertain the depth- 
dose dependence. A flat chamber of 
polythene which was used for depth- 
low-intensity 
regions, is shown in Fig. 4. The thick- 
ness of the front wall could be varied 
10 cm in 1 
Shielding insured that only ra- 


dose measurements in 


from 0.15 mm _ up to mm 
steps 
diation entering the front surface was 
measured. 

In Fig. 5 a typical distribution ob- 
tained in the low-intensity regions is 
shown. The nature of this distribution 
is significantly different from that of the 
The surface dose is high 


The 


direct beam 


and two maxima are evident. 


radiation is a composition of the second- 


ary electrons formed in the lead shield, 
X-rays transmitted lead 
from the and relatively low- 


through the 
target, 
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FIG. 3. 


energy X-rays produced by secondary 
electrons near the outer shield surface. 
soft X-rays are 
responsible for the high entrance dose, 


The electrons and 


which remains uniform through the first 
millimeter, and then commences to de- 
crease rapidly with increasing depth. 
These electrons are inhomogeneous and 
predominantly below 2 Mev in energy. 
The application of a magnetic field in 
front of the polythene chamber, at right 
angles to the beam direction, reduced 
the entrance dose to less than 50%. 
The maximum occurs at the 
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second 


Layout of radiation and control rooms with survey points shown 


equilibrium depth for the continuous 
X-radiation incident on the chamber. 
Correcting for the relative electron 
densities and specific gravities of poly- 
thene and water, this maximum cor- 
responds to a depth of approximately 
14 mm in water. 

The soft X-rays have a completely 
different spectral distribution from 
those produced by the betatron or any 
other accelerator. This is a conse- 
quence of the filtering of the primary 
betatron X-rays through the lead shield. 
The thickness of the lead shield varies 


9 


























FIG. 4. Polythene ion chamber for 

depth-dose measurements for radiation 

in low-intensity regions near betatron. 
Cylindrical air cavity is 2 mm deep 


from 35 cm near the edge of the X-ray 
beam down to 8 cm, with an effective 
thickness of 20 cm at the point where 
the data in Fig. 5 were obtained. 

A calculation of the spectral distribu- 
tion of the betatron X-rays transmitted 
through 20 cm of lead yields a distribu- 
tion with a maximum at a quantum 
energy of 3 Mev, falling to half intensity 
at about 2 and 4 Mev. Below 2 Mev, 
the intensity falls off more rapidly than 


above 4 Mev. This is due to the 


stronger dependence of photoelectric 


absorption on energy than that of pair 
and triplet production. Production of 
lower-energy quanta by recoil electrons 
and pair electrons tends to balance this 
ot higher 


preferential transmission 


energies and to leave the average 
quantum energy at about 3 Mev. 

The equilibrium thickness, or depth 
of maximum intensity of ionization in 
the absorption of an X-ray beam, will 
be determined primarily by the range of 
the recoil electrons in the forward direc- 
tion produced by quanta of the average 
effective energy of the beam. Absorp- 
with the 23-Mev 
betatron rays indicate an effective aver- 


Elec- 


trons of this energy have a maximum 


tion measurements 
age quantum energy of 8 Mev. 


range of about 4 cm in water, in agree- 


10 


ment with the depth of maximum ioniz- 
ation in Fig. 1. On this basis the 
second maximum in Fig. 5, at about 14 
mm water equivalent, indicates an aver- 
age incident quantum energy of ap- 
proximately 3 Mev. 

Distributions obtained with film in- 
serted between polythene sheets agreed 
with the measurements. 
The relative heights of the two maxima 
front of the 
measurements 


ion-chamber 
varied with location in 
lead shield. 
of the transmitted X-rays at increasing 
betatron target 
decreased inversely as the square of the 
These 


with 


Intensity 


distances from the 


measurements were 
wall thickness 
for equilib- 
secondaries and 
for this 


distance. 
made adequate 
in front of the cavity 
between the 
X-rays. 
inverse-square attenuation is incorpo- 


rium 
incident Correction 
rated in Fig. 5. The average absorption 
coefficient in the linear region (water 
equivalent) is 0.040 + 0.005em™!, which 
also corresponds to an average quantum 
energy of 3 Mev (16). 

On the basis of the foregoing con- 
sideration, chambers of the correct wall 
thickness to measure electrons and fil- 
X-rays were employed at the 
The 


measurements are tabulated, in columns 


tered 
various points indicated in Fig. 2. 


3 and 4 of Table 2, in roentgens in terms 
direct beam at 
measured 


roentgen in the 

target 
with a Victoreen 25-r thimble chamber 
cube of Lucite. 


of a 
84-cm distance, as 


mounted in an 8-cm 


© 


b et —_+—_i_iy 





Depth in 5 

FIG. 5. Depth-dose distribution for 

radiation in low-intensity region near 

betatron. Inverse-square-law attenua- 
tion has been removed 
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lythene (cm) 








TABLE 2 
Survey of Radiation Intensities Surrounding 
a 23-Mev Shielded Betatron Per Roentgen at 84 cm 


X-rays Electrons Thermal Fast 
Position | Coordinates* roentgens rep per | neutrons/cm*® | neutrons /cm?* 
(cm per rast rest per reat per reat 


(58,286) 96 &X 
(80,270) SO xX < 10 
(60,176) Se = 4 x 10 
(50,90) 3 4 f 10 
(30,90) 9.6 9. | 10 
(20,90) 0 8.; x 10 
(10,90) 0 10 
(0,90) 
10,90) 3.0 x 10 
20,90) ) 4 b 10 
30,90) : : 10 
( —50,90) o «x x 10 
110,0) x 10 
(124,0 95 ) ; x 10 
‘ontrol room 10 
‘ontrol room : 10 x 10 
‘ontrol room 3.é x 10 
‘ontrol room 4! x 10 
‘ontrol room 3 x 10 d 10 
) 


‘ontrol room 10 . 10 


* Origin of the coordinate system is at the betatron target, with ordinate axis in the direction of 
the beam See | ig. 3. 
t rq roentgen measured at 84-cm target distance with 25-r Victoreen thimble chamber in an 


8-cm Lucite ibe. 





The coordinates indicated in column 2 experience little degradation of energy. 
have the betatron target as the’ origin, The concrete walls of the room 
with the ordinate axis along the beam moderate incident neutrons. Thus, in 
direction. The average radiation ex- addition to the primary neutrons from 
posure in the patient region, due to the betatron, a patient is exposed to a 
both electrons and X-rays, is less than lower energy group of neutrons re- 
0.1% of that in the main beam. flected from the walls. The absolute 
flux, in number of neutrons per cm? per 
Neutron Flux second, has been measured at various 
Neutrons are produced in the interac- _ positions in the radiation and control 
tion of high-energy quanta with nuclei, rooms. The flux measurements were 
and surround the betatron during oper- made for neutrons in the thermal energy 
ation. These neutrons originate in the region (<0.1 ev), and for fast neutrons 
platinum target, lead collimator, alumi- for a given radiation rate of the primary 
num filter, and the lead insert and X-ray beam. 
shielding. Primary neutrons, originat- The thermal-neutron flux was deter- 
ing in the target and collimator, are mined with rhodium foils, utilizing the 
scattered in the lead shielding but 44-second beta activity induced by 
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FIG. 6. Block diagram of circuits used 


with BF; neutron counter 


The foils 
were exposed with and without cad- 


thermal neutron capture 
mium shields at various positions during 
a 3-minute operation of the betatron. 
Following the exposure, the beta activ- 
ity of the foils was followed through 
several half-lives. 

After measurement, the activity was 
corrected back to its value at the end of 
and 
saturated 


correc- 

self- 
absorption, and backscattering in the 
The foils 
23 mm in 


the exposure, customary 


tions for activity, 


foil and mount were made. 
were 127 mg/cm? thick an 
diameter, They were counted in an 
identical geometry with that in which a 
UX. standard of the same 


Published cross 


calibrated 
diameter was counted. 
sections (1/7) for neutron capture by 
rhodium and cadmium were employed 
incident- 
The 
neutron- 
capture cross section employed is A = 
FaN (18), saturated 
number of disintegrations occurring per 
second in the foil, F 
incident thermal neutrons per em? per 


in the calculation of the 
thermal-neutron flux on the foils. 
and 


relation of foil activity 


where A is the 
is the number of 


second, o is the thermal capture cross 
section, and N is the total number of 
atoms in the foil Results of the survey 
are tabulated in neutrons/em*-r_ in 
column 5 of Table 2. 

Rhodium foils, mounted in a paraffin 
cylinder 18 cm in diameter and 18 em 
detector for fast 


This detector was standard- 


long, served as a 
neutrons. 
100-mg mixed 


The 


ized with a calibrated 


radium-beryllium neutron source. 
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effect of thermals was eliminated by 
shielding the paraffin cylinder with a 
cadmium jacket. The results of this 
survey are tabulated in Table 2. They 
are experimentally accurate to within 
10%, which includes the uncertainty in 
the original calibration of the standard. 
This does not allow for possible error 
due to variation of sensitivity of the 
detector with energy, which would be 
important if the spectra of the standard 
and the were very 
dissimilar. This considered 
The average flux in the patient 
region is 25,000 fast neutrons /em*-r at 
84cm. Fora daily treatment of 500 r, 
this corresponds to an average of 433 
neutrons/em?-sec over an 8-hour day. 
That this is above the usually accepted 
daily maximum permissible rate of 20 
neutrons /cm*-see is probably not im- 
portant considering the limited number 
of days of exposure in the life of a 


source betatron 
factor is 


below. 


patient. ' 
I:xperimental comparisons were made 
of the absorption in paraffin of the 
from the Ra-Be 
source, those directly from the betatron, 
and those reflected from the walls dur- 
The 


detector employed for these measure- 


neutrons standard 


ing operation of the betatron. 


ments was a BF; proportional counter 
surrounded with paraffin. Because of 
diffusion in the paraffin, the incidence 
of the thermalized neutrons on the 
counter produced during each X-ray 
The 
counting rate decayed exponentially 
with a half-life of 180 usec. The linear 
amplifier was gated during the actual 
X-ray pulse to avoid counting it. A 
block diagram of the associated circuits 
is shown in Fig. 6. The gating circuit 
was triggered simultaneously with the 
expander circuit which applies the pulse 
to the coils that expand the electron 
orbit against the target. 

The directional paraffin geometry 


pulse continued after the pulse. 


used in the absorption measurements is 
The same figure con- 


shown in Fig. 7. 


April, 1951 - NUCLEONICS 





tains a plot of the relative neutron 
intensity as a function of angle as the 
detector telescope was rotated about 
the counter as an axis at position 1. 
The 0-degree angle is in the direction of 
the betatron target. The target and 
collimator appeared as strong primary 
sources of neutrons. The relative num- 
ber of neutrons reflected from the walls 


appear large on the scale 


plotted in Fig. 7, but, when integrated 


does not 





© Betatron neutron 
distribution 


*Ra-Be standard 
neutron distribution 











FIG. 7. Horizontal cross section of BF; 
counter in paraffin directional geometry. 
Plot shows relative number of neutrons 
approaching position 1 horizontally. Ra- 
Be measurements shown were made 
with standard at same distance from 
counter as from betatron target 


over all directions, the magnitude of the 
reflected flux is 60% of the total flux at 
This ratio varies with posi- 
The direc- 


position 1. 
tion in the radiation room. 


tional geometry was also calibrated with 


the Ra-Be standard. The similarity of 
the angular distribution obtained with 
the point source, as shown in Fig. 7, 
indicates the localization of the origin of 
the primary neutrons from the betatron. 
The integrated flux obtained with 
the directional geometry at position 1 
was 4,480 neutrons/em*-r. This agrees 
within 10% with the value obtained 
with the rhodium foil-paraffin detector. 
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Absorption comparisons with paraffin 
sheets inserted in the window of the 
BF; detector are shown in Fig. 8. The 
geometry used is not satisfactory for 
true absorption measurements but does 
permit qualitative comparison of the 
average energy of the sources. The 
average energy of the primary betatron 
neutrons is slightly less than that of the 
Ra-Be neutrons. The absorption curve 
for the betatron neutrons can be repre- 
sented by two components, one with the 
same slope as the Ra-Be curve, and the 
other corresponding to a group with an 
average of about 1 Mev if the average 
Ra-Be neutron energy is taken as 5 Mev 
(19). Noimportant error is involved in 
the calibration of the primary betatron 
flux in terms of the standard source. 

The average energy for the reflected 
neutrons is considerably below either 
component of the primary flux. In the 
region close to the accelerator, the re- 
flected flux is only about 15% of the 
total flux. A decreased sensitivity of 











Refiected 


transmission 


a 


Percent 











20 < » 
Poratfin (cm) 
FIG. 8. Absorption of neutrons from 
mixed Ra-Be source compared with that 
of primaries from betatron, and of those 
reflected from walls 
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either the BF; or rhodium-foil-counter 
geometry of as much as 50% in the re- 
flected neutron energy range 
therefore, affect the total flux 
given in Table 2 by less than 10%. 


would, 
figures 


The major proportion of the neutron 
flux in the patient region consists of 
primary neutrons produced in the target 
shielding. the 
effect of the geometry of the lead on the 
fast neutron flux was investigated. To 
obtain different field sizes, both the col- 


and lead Therefore, 


limator and the lead insert shown in Fig. 
2 are The col- 

the X-ray 
The conical bore of the inserts 


customarily changed. 


limators actually define 
beam 
is slightly larger than the beam, so that 
the insert does not intercept the beam, 
but serves only as shielding. 

The 


measured 


fast-neutron flux at position 5 
for different field 
15 to 1 em diameter, at 
The 


rhodium foil in paraffin detector was 


Was S1Zes 
ranging from 
80 cm distance from the target. 


used for these measurements. In one 


set of measurements both the collimator 
In another 
, the largest size collimator was left 


and insert were changed. 
set 
in, and only the insert was changed to 
different field the 
former arrangement, the collimator was 


obtain sizes. In 
a major source of neutrons, with the 
the 
latter arrangement, the insert became a 


insert acting as a scatterer. In 
major source. 


Because of distance and scattering 
considerations, the latter procedure for 
obtaining different field sizes exposes the 
patient to a greater number of fast neu- 
trons. The results are shown in Fig. 9. 
The absolute number of fast neutrons 
with no collimation at all is indicated. 
The introduction of the filter increases 
the neutron flux per roentgen because of 
the additional neutrons formed in the 
filter, and because of the reduction of 
the X-ray intensity in the useful beam. 

The number of neutrons emitted per 
mole-roentgen varies as the square of 
the This is a 


atomic number (20). 





TABLE 3 


Comparison of Neutrons Internally Produced oF 
With Those Externally Incident on a Patient* 


Field diameter at SO cm 


target distance >cm IU cm 


Internal Neutrons 
N imber per reat 


Dose in rep 
per raat 
External Neutrons 
\verage number per 


em? per raf 


incident 
on patient per reat 


rotal number 


Dose in rep 


per reat x1074 


*For dose calculations, the patient was 
evlinder with a volume of 20,000 em! and cross-s« 
of 1,800 em? 


t res roentgen measured at 84-cm target distance 


25-r Victoreen thimble chamber in an 8-cm 


treated as a 


Fast neutron flux 
position 4 


Beom defined by insert 
= Beam defined by 
collimator 


15 com 


Beam defined 
42 but net f 
x 105 
on x | No beam definition 
iv 
r filtrotion 
x<10° ar 4 l 


fered 


3.6 


<10~4 ie 


Field diameter at 
arget distcnce 


FIG. 9. Dependence of fast 

neutron flux on definition 

geometry of the beam for dif- 

ferent field sizes. The mate- 

rial used for filtering the beam 
was aluminum 


onal area 


witha 
cube 
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further reason, in addition to absorption 
characteristics, for employing a filter of 
as low an atomic number as possible. 
It is evident that it is advantageous to 
define the beam with the collimator, 
rather than the insert, to minimize the 
neutrons incident on a patient. 

It is also apparent that considerably 
lower values of neutron flux per roent- 
gen will be obtained from unshielded 
betatrons with unfiltered beams. The 
method of measuring the roentgen is 
also important; measurements with an 
ionization chamber surrounded with 
lead, rather than Lucite, will result in 
an apparent lower ratio of neutron flux 
per roentgen. A real decrease in this 
ratio will occur at higher energies, since 
the cross section for neutron production 
in most elements drops rapidly for 
quanta above 30 Mev in energy. 

In addition to externally incident 
radiation, a patient is exposed to radia- 
tion produced internally as a result 
of photo-disintegrations in the main 
beam. Protons, neutrons, and neutron- 
capture gammas are created in these 
reactions. Protons produced will be 
absorbed locally in the irradiated 
volume, and will not contribute to the 
general body exposure. 

The number of neutrons can be cal- 
culated from the measured yields of 
gamma-neutron reactions (20) in body 
elements, the proportion of various 
elements in the body, and the absorption 
of the primary quanta in the irradiated 
volume. The irradiated conical section 
of a body was taken as 20cm deep. A 
density of 1 gm/cm* was assumed, and 
the number of moles of oxygen, carbon, 
and nitrogen was determined for three 
field sizes. The integrated product of a 
volume element and the relative number 
of primary quanta as a function of 
depth then yielded the number of mole- 
roentgens of each element involved per 
roentgen at 84 cm target distance. 
Measured values of neutrons/mole-r 
(20) for these elements were then em- 
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ployed to obtain the total number of 
neutrons produced internally in a body 
per roentgen at 84 cm, for each of three 
field sizes. These values are given in 
the first line of Table 3. 

With certain assumptions, the roent- 
gen-equivalent-physical (rep) dose pro- 
duced in the body in the absorption 
of the internally produced neutrons can 
be calculated. A body volume of 20,- 
000 cm* is assumed, and all of the 
neutrons are considered to dissipate all 
of their kinetic energy and be captured 
in this volume. Preliminary data on 
the energy distribution of neutrons 
emitted in the photodisintegration of 
columbium exist (21). The threshold 
of columbium is lower than that of either 
oxygen, carbon, or nitrogen. Thus it is 
assumed that the average energy of the 
neutrons produced in a body is no greater 
than that for columbium, which is ap- 
proximately 3 Mev. If all the energy 
of the neutron-capture gammas is ab- 
sorbed, the average energy absorbed by 
the body per neutron is approximately 
5 Mev. Table 3 contains the cor- 
responding rep doses for internal 
neutrons, based on these assumptions. 

Table 3 also gives the average num- 
ber of external neutrons/cm*-r to which 
the patient is exposed for a certain field 
size. A cylindrical body of 20,000-cm* 
volume and suitable proportions ex- 
poses a cross-sectional area of approxi- 
mately 1,800 cm? to the primary 
neutron source. The total numbers of 
external neutrons incident on such a 
body are also shown in the table. As- 
suming the same average energy dis- 
sipated in the absorption of each of 
these neutrons, a calculation similar to 
that given above yields the values of 
rep dose shown in the last line of the 
tabulation. It is apparent that, with a 
shielded betatron of this energy range 
employing a filtered beam, the dose 
contributed by external neutrons from 
the accelerator will be of the order of 10 
times as great as that contributed by 
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AER Ute 








The 


average X-ray intensity in the patient 


internally produced neutrons 
region is approximately, 10~* r per roent- 
genat84cm. Thus a relative biological 
effectiveness of only 10 will make the 
rem (roentgen-equivalent-man) dose 
contributed by external neutrons slightly 
more important than that of stray X- 
radiation. All magnitudes are suffi- 
ciently small to be well below maximum 
permissible dose for a patient. 

The magnitude of stray-radiation in- 
tensity with the direct electron beam is 
considerably less than with the X-ray 
beam. Materials of low atomic num- 
ber, such as Masonite and polythene, 
absorb electrons effectively with mini- 


mum production of X-rays. The X-ray 


and electron backgrounds with the 
se 


have been found to be 
The background 
per rep of electrons should also be less, 


electron beam 


negligible. neutron 
since the cross section for electrodisin- 
tegration is than 
that for photodisintegration (22). 
With an electron beam 6 cm in diame- 


less 


considerably 


ter, the neutron flux at position 4 was 
1,350 neutrons/cm*-rep, as contrasted 
20,000 with an 


X-ray beam 5 cm in diameter. 
* * * 


with neutrons /cem?-r 
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to Professors D. W. Kerst and G. D. Adams, 
University of Illinois, and Professor L. 8. 
Skaggs, University of Chicago, for helpful 
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J. C. Beynon, Research Foun- 
dation, cooperated in obtaining the BFs 
data and developed the 
gating circuit and BF; counter technique. 
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Properties of 


Phosphorus-Bakelite Beta-Ray Sources 


Disk-shaped plaques available from the AEC are convenient 


sources of pure high-intensity beta rays. 


Results of a 


detailed study of their physical, chemical, and radiochem- 
ical properties and of health-safety requirements are described 


By O. M. BIZZELL,* W. T. BURNETT, Jr., P. C. TOMPKINS, +} and L. WISH 


Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Sources of pure, high-intensity beta 
radiation in a convenient, easily handled 
form have many potential applications 
in the fields of radiobiology and radia- 
With this type of source 
it is possible to irradiate specific areas 
of surface and subsurface tissue. The 
large variety of radioisotopes available 
as a result of nuclear-reactor production 
permits a choice of beta-ray emitters 
which are less expensive than radium 
and its decay products and which, un- 
like the radium series, emit no gamma 
radiation, 

One of the most promising sources 
developed to date is the phosphorus- 
bakelite plaque activated by neutron 
bombardment in the nuclear reactor at 
Oak Ridge National Laboratory (1). 
These plaques have been successfully 
used to study the effects of beta radia- 
tion on laboratory animals (2, 3, 4), and 
the effects of beta radiation on various 
microorganisms (4). 

In the phosphorus-bakelite 
beta-ray sources have been used only in 
AEC laboratories; fabrication and ac- 
tivation was achieved only as additional 
However, the 
increasing need for a high-intensity pure 


tion therapy. 


past, 


plaques were needed. 


* Present address: Isotopes Division, U. 8. 
Atomic Energy Commission, Oak Ridge, Tenn. 

+ Present address: Naval Radiological De- 
fense Laboratory, San Francisco, Calif. 
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beta-ray source has now been recog- 
nized, and the Isotopes Production 
Division at the Oak Ridge National 
Laboratory has ‘“‘tooled-up” to make 
such sources routinely available. 

Since the original development work 
on phosphorus-bakelite plaques was 
carried out by J. R. Raper, et al. (1), 
more efficient production techniques 
have resulted in the availability of more 
highly activated plaques. A _ corre- 
sponding increase in the technical prob- 
lems associated with the use of these 
sources has led to a more comprehensive 
examination of their physical, chemical, 
and radiochemical properties so that 
various limitations could be evalu- 
ated and corrected. In particular, the 
plaques have been studied from the 
standpoint of material specification, 
activity and health 
safety, including radiation, contamina- 
tion, and control of fire hazard (6, 7, 8). 

Although many of the problems en- 
countered with the phosphorus-bakelite 
combination might be avoided by using 
other binders, the bakelite retains its 
stability in the nuclear reactor better 
than other binders tested thus far. 
Furthermore, as noted by Raper and 
co-workers, the use of other binders 
results in a decreased specific activity. 

This paper deals primarily with the 
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measurements, 











physical, chemical, and radiochemical 
properties and the health s ilety aspects 
of phosphorus-bakelite beta-ray sources 
ind analyzes tests conducted to evalu- 


ate these properties. Specifications for 


Physical Properties 


and the 
details of improved instruments and 


plaque material are given, 
methods for measuring the specific ac- 
tivities and radiation intensities of the 


plaques are discussed (6, 8, 9). 





The plaques are made by intimately 


mixing and molding equal parts of 
amorphous red phosphorus and bakelite. 
Currently available circular plaques are 
0.19 in. thick with a diameter of 3 in., 
ind weigh approximately 32 grams. 
The faces of the plaques have a smooth 
finish The edges are slightly beveled 
to minimize chipping. In preparing 
the plaques, loose particles are removed 
from the surface either by washing or 
by an air blast, and a very thin layer 
of bakelite varnish is applied before 
activation in the pile. 

The plaques are irradiated approxi- 
mately three weeks, producing a source 
radiation about 
15,000 rep/hr* at the The 


nuclear reaction involves the absorption 


with a intensity of 


surface. 


of a neutron into the nucleus of the P® 
atom with the simultaneous emission of 


Chemical Properties 


a gamma ray to form radioactive P* 
P*'(n, y)P*?|. The P*, with a half-life 
of 14.3 days, decays by pure beta-ray 
emission to stable S* 

Activation darkens the phosphorus- 
bakelite throughout the plaque, and if 
made, the 
surface becomes black However, the 
latter effect is confined to the bakelite 


prolonged exposures are 


varnish layer. 


Phosphorus Content and Purity 
The phosphorus content of the ma- 
terial must be within specified limits 
since the production of satisfactory and 
reproducible plaques depends to a large 
extent upon a homogeneous distribution 
of phosphorus. The phosphorus-bake- 
lite combination must be free of impuri- 
ties which would contribute a significant 

amount of undesirable radiation. 





Chemical treatment of the plaques 
The 


primary problem involved is finding a 


may be required by some users, 


reagent mild enough to oxidize the red 
phosphorus smoothly but strong enough 
to ck compose the bakelite. Nitric acid 


has proved to be a suitable reagent. 


Solubility and Decomposition 
In powder form, the plaque material 
dissolved slowly in concentrated nitric 


acid at room t mperature, W hereas solid 


*In these studies the roentgen 
hysica rep) of H. M. Parker is ado; 
rgs per gram absorbed in a stand 

ber per roentgen). discussion of 
en by R. D, Evans (10). 
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pieces (up to about two grams) required 
gentle warming in this reagent for 20 
to 45 minutes. The powder ignited 
spontaneously on contact with fuming 
nitric acid at room temperature, leav- 
ing a carbonaceous skeleton which was 
resistant to further attack by the acid. 
Irradiation of the material appeared to 
increase its chemical resistance, fuming 
nitric acid being required for complete 
Under all of 


these conditions, the elementary phos- 


solution in 20 minutes. 


phorus was oxidized to phosphoric acid, 
and some of the phenol groups of the 
bakelite were converted to nitrophenols. 
Unless treatment with the acid was con- 
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tinued at least 20 minutes after com- 
plete solution of the material, a cloudy 
precipitate of polymerized resin formed 
when the acid was diluted or neutralized. 
The details of solubility and decomposi- 
tion are described by Burnett, et al. (7). 
* The plaques are insoluble in most 
inorganic reagents as well as in such 
organic solvents as acetone and benzene. 


Analytical 
\ phosphorus analysis of several lots 


of acceptable material was made to 
establish specified limits for phosphorus 


content. The values ranged from 48 to 
53%. Distribution within individual 
plaques was homogeneous to within 
+0.5°% (8). Since plaques prepared 
from this material have proved satis- 
factory, the limits for 
phosphorus have been set at 50 + 2% 
by weight. A gravimetric procedure 
(11) was used for the phosphorus analy- 
ses after dissolving the samples in con- 
diluting to a 
taking aliquots 


specification 


nitric acid, 


volume, 


centrated 
known 
which contained approximately 5 mg 


and 


of phosphorus. 





Radiochemical Properties 


Investigations have been made of 
homogeneity, methods of calibration, 
radiation intensity, specific activity, 
and radiochemical purity of the phos- 
phorus-bakelite sources. Details are 
presented in the following paragraphs. 


Homogeneity 

The reliability of data obtained from 
biological experiments in which phos- 
phorus-bakelite plaques are used de- 
pends upon the uniformity of the radia- 
tion dose. It has been calculated (12) 
that the radiation intensity across the 
surface of a 3-in. plaque should be prac- 
tically constant up to within }4 in. 
of the periphery and then drop off 
linearly, provided the P*? is homo- 
geneously distributed throughout the 
mass of the material and the plaque 
is thicker than the Feather range (13, 
14) of P** beta particles. Specifie activ- 
ity (8) and radioauto- 
graphs indicate that the distribution of 
P®? within plaques can be made to be 
constant to within 3%. Also, the 
radioautographs showed that the radia- 


measurements 


tion from any one plaque was iso- 
topically distributed in the manner pre- 
dicted from theoretical considerations. 

The major factors which could give 
rise to an inhomogeneous distribution 
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‘ 


of P®? may be listed as: 1. a nonuniform 
distribution of red phosphorus in the 
material, 2. variations in effective 
thickness resulting from inclusions, 
3. a nonuniform neutron flux, and 
4. ‘‘self-shadowing”’ during activation. 
Items 1 and 2 were checked by de- 
termining the phosphorus content of 
several samples of inactive material 
and by determining the specific activity 
of several samples of activated material. 
Since these experiments have indicated 
a homogeneous distribution of P*? in the 
plaques that were activated and used, it 
has been concluded that the specifica- 
tion limits suggested for red phosphorus 
(50 + 2%) are adequate provided there 
are no phosphorus agglomerates or large 
air bubbles within the plaque. The 
radioautographs and specific activity 
measurements have indicated that 
neither self-shadowing during activation 
nor nonuniformities in the reactor’s 
neutron flux are important factors in the 
production of these plaques here. 


Calibration 
In quantitatively comparing the 
effects of beta-ray exposure with those 
of X-ray exposure, certain unique dif- 
ficulties arise. Beta radiation has no 
definite range and at the same time po 
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definite absorption coefficients. Ac- 
curate be ta-ray exposure rates are dif- 
ficult to determine because the measure- 
ments are particularly sensitive to 
disturbances by the introduction of any 
measuring instrument into the radiation 
field 
ter, the distribution in 
beta 


rapidly because of simultaneous multi- 


(s the radiation penetrates mat- 
direction and 
energy of the particles change 
ple scattering and energy absorption 
However, if biological material is to be 
exposed to beta radiation, it is necessary 
value for the 


to obtain an accurate 


irface exposure (sometimes referred to 


skin dose”’ in medical radiology 
been 


studies have 


Sheppard and R. kK. 


Comprehensive 
Ih ide by C3. W. 
Abele (4 
bration of equipment for measuring the 


on the construction and cali- 
surface dosage rates from phosphorus- 
bakelite beta-ray sources, and precise 
These 


dosage rates are determined with a sur- 


methods have been developed. 


face ionization chamber connected to a 


Vibrating-reed electrometer. The in- 
strument is calibrated in rep (roentgen- 
@quivalent-physical) against measure- 
Ments made with an 
Ghamber. These 
the exposure 
between the plaque and the irradiated 


material, and apply only to the case 


extrapolation 
measurements are 


rate at the interface 


Where the plaque is in contact with 
tissue or 
They include both the direct radiation 
from the plaque and the radiation scat- 
tered back from the material which is in 


tissue-equivalent material. 


contact with the plaque. 


Readings of ion current per cubic 


centimeter of air can be made on an 


extrapolation chamber with variable 


electrode separations, and extrapolated 
to zero electrode spacing. A schematic 
example of this type of ion chamber 
is shown in Fig. 1. The electrodes are 
made of tissue-equivalent material (i.e., 
nylon, polystyrene, or rubber hydro- 
chloride), and include a very thin top 
accelerating 


electrode to which the 
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potential is applied and a thick bottom 
electrode for collecting ions. Conduc- 
tivity is obtained by applying a thin 
coat of colloidal graphite to each elec- 
trode. A correction for the shielding 
effect of the 


between the radioactive source and the 


accelerating electrode 
chamber is made by applying additional 
layers of material with known density, 
plotting a curve and extrapolating to 
zero absorber thickness. 

lon-current saturation within the 
chamber is essential if true values are 
to be determined. However, over- 
saturation (e.g., from ion multiplication 
surface irregularities, etc.) 
The 


proper degree of saturation is main- 


caused by 


is possible and must be avoided. 


tained by varying the potential on the 
electrodes; at very close spacings of the 
electrodes the voltage must be appreci- 
ably reduced. 

In plotting the extrapolation curve, 
the readings which are made at small 
spacings of the electrodes are the most 
valuable. Extrapolation to zero cham- 
ber volume can be made by drawing the 
tangent to the curve at the origin. 
difficult if the 


line. 


This is not curve ap- 


proaches ast raight How ever, 
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Ion current (amperes#i0”) 








I 10 
Electrode spacing (millimeters) 
FIG. 2. Typical extrapolation curve 
plotted from ion-current measurements 
made with extrapolation chamber 





2) 


considerable curvature usually results 
from increasing the spacing between the 
electrodes and is readily apparent if a 
large enough scale is used in plotting 
This is a geometrical effect, 
and suitable corrections can be made 


the curve. 


by achieving the necessary refinements 
experimental technique and 
A typical extrapolation 
curve is shown in Fig. 2. 

The determination of the surface 
dosage rate from beta-ray plaques with 
the extrapolation chamber is a tedious 
procedure and not suited to a routine 
operation by a nonskilled person, For 
this reason, an empirical ionization 
(surface) chamber has been constructed 
which can be calibrated against extrap- 
olation chamber measurements. This 
instrument lends itself very readily to 
routine use by a teclgnician. ’ 

The principle of the surface cham- 
ber is essentially the same as for the 
extrapolation chamber. However, the 
electrodes are made stationary, thereby 
assuring a constant effective volume 
within the chamber, and the entire unit 
with greater rugged- 
ness and stability. Thus, the surface 
chamber can be calibrated by determin- 
effective volume within the 
chamber. This is accomplished by 
comparison against a plaque that has 
had its surface exposure rate deter- 
mined with an extrapolation chamber. 

The surface exposure rates of all phos- 
phorus-bakelite beta-ray plaques are 


Vol. 8, No. 4- April, 1951 


in the 
apparatus (6). 


is constructed 


ing the 


measured with this type of surface 
chamber before shipment from Oak 
Ridge National Laboratory. The over- 
all reproducibility is estimated to be 
+2% (6). 


Radiation Intensity 

Since the thickness of a plaque is 
specified to be equal to or slightly 
greater than the Feather range of the 
P*? beta particles, there should be a 
constant ratio between the radiation 
intensity and the gross specific activity * 
of the plaque. This value should be 
890 rep/hr/me/gm if it is assumed that ~ 
the intensity at the surface is equal to 
half that given by the usual ‘61 or 60 
formula” (15). This formula gives the 
intensity in the central region at the 
interface between two plaques placed in 
contact. If one of the plaques is non- 
radioactive, the intensity at this 
point will be just haif as great. The 
-alculation is made as follows: 

rep/day = 61.0 EQ/W 

where E = average energy in electron 
volts = 7 * 105, Y = activity in curies, 
and W = weight of plaque material. 
Thus Q/W = 10~* for a specific activity 
equal to 1 me P*?/gm. 

Rep/hour is obtained by dividing 
rep/day by 24, and rep/hr/me/gm 

os 61.0 5 . oy x 10 . = 890 

The radiation intensities of several 
plaques have been calculated in this 
manner. One of these plaques has been 
measured directly with a calibrated sur- 
face ion chamber by Sheppard, et al. (6). 
As indicated in the table on page 22, 
there is good agreement between the 
two methods. 


Specific Activity 


Specific activity determinations were 
made by breaking up activated plaques, 
weighing the various pieces separately, 


* The gross specific activity is the mullicuries 
of P?? per gram of plaque material. 
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and then measuring the activity of each 
by means of a high-pressure ionization 
chamber (16). The ionization resulting 


from P** bremsstrahlung (electromag- 


radiation) was calibrated in terms 


of absolute 


neti 


activity by dissolving a 


number of solid pieces in nitric acid 


and comparing the ion currents 
duced by the 


obtained with a known quantity of P* 


pro- 


solutions with those 
added to a similar solution of unirradi- 
ited material. These calibrations were 
checked by determining the activity of 
be ta-counting 


iliquots in a standard 


irrangement. The technique s and ap- 
paratus used in breaking-up and weigh- 
ing the activated pieces of plaque are 
Burnett et al 


Of particular interest in connection 


lise ussed by 


with the specific activity determinations 
s the loss in weight of the phosphorus- 
bakelite 
the pile. 


material during activation in 

The loss during an activation 
period of three weeks is of the order of 
7 Therefore, it is evident that one 
must weigh the material after activation 
or ipply a suitable correction factor for 
weight loss before the 61 formula can be 
correctly used to calculate the radiation 


intensity of a plaque. 


Radiochemical Purity 
Plaques which were reactivated sev- 
eral times showed evidences of building 
up a long-lived 

purity. 
on several chips from such a plaque 
that had decaved over several half-lives 
were obtained with an end-window G-M 


gamma-emitting im- 
Aluminum absorption curves 


counter. These data revealed a large 
fraction of a soft beta-ray emitter with 
a half-thickness of 3 to 4 mg/cm?, a 
smaller fraction with a half-thickness of 
100 
component. 

The soft 
C'* since it when 
chips were dissolved with HNOs but 
disappeared after adding a little Na.Oz», 
until the black 


around mg/cm?, and a gamma 


component was probably 


remained several 


heating residue was 
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Relation of Radiation Intensity at the Sur- 
face and the Specific Activity of a Phos- 
phorus-Bakelite Plaque 


Rep/hr 
(Calibrated 
Surface 


Rep/hr 
Calculated 
Jrom “61 


Specific 
Activity 
(mmc gm) 


Tonization 


Sample formula"’) Chamber 





alkaline 
The 
100 mg/cm? component was considered 
to be P 

When other plaque chips were dis- 


acidifying the 
ash and evaporating to dryness. 


decolorized, 


? which had not yet decayed. 


solved and passed through a Dowex-50 
cation exchange column, the first two 
components passed through, thus con- 
firming their identity with the binder 
and H,PQO,, respectively. The gamma 
component remained on the column and 
was eluted with 8M HCL. It did not 
follow iron carrier in an isopropyl ether 
extraction, but it did follow cobalt and 
zinc When these elements were precipi- 
The dis- 


tribution between the two sulfides was 


tated with hydrogen sulfide. 


not determined because the activity was 
too low. 

These results indicate that activated 
impurities in plaques irradiated only one 
time would be too low to be significant 
for at least the first few half-lives of P* 
since an upper limit of about five parts 
per million for cobalt and zine together 
could be set on the basis of a spectro- 


graphic analysis of the target material. 
This is less than 0.2 mg per plaque, an 
amount which would not lead to a signif- 


icant contribution to the total radiation. 
These conclusions were confirmed by 


two additional experiments. First, the 
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activity of an HCl eluate of a standard 
plaque proved to be less than 0.001 ye 
when it was evaporated and measured 
on a G-M counter. The decay of the 
radioactivity in the effluent solution was 
followed over three half-lives without 
detecting any significant deviation from 
the 14.3-day half-life of P**. Second, 
the decay of several samples selected 
from different sheets of material and 
irradiated at different times were fol- 
lowed in the high-pressure, 100 % ioniza- 
tionchamber. Atypical curve is shown 
in Fig. 3. The 14.5 + 0.2 day decay 
period over more than four half-lives 
indicates practically no radiation in 
addition to that from P*%*, As little 
as 0.2% of cobalt (a gamma emitter) 


Health-Safety Aspects 





8 


8 


=145*02 


/ 


4 


Relative Activity 


fe) 


i 


1200 











800 
Time (hours) 


FIG. 3. Typical phosphorus-bakelite de- 
cay curve. Measurements made in a 
100 % ionization chamber 


0 400 


would increase the apparent half-life by 
a factor of 50. 

It is concluded that there will be no 
interference from impurities if plaques 
are not reactivated. 





Both radiation and contamination 
precautions are necessary for the safe 
and efficient use of the phosphorus- 
The radiations that 
1.7-Mev 


brems- 


bakelite plaques. 
will be encountered are the 
beta from P*? and 
strahlung arising from the absorption of 
the P*? beta particles within the plaque 


particles 


and adjacent shielding. 

tadioactive particles or vapors may 
find their way into the body by inges- 
tion or inhalation. If a single 15,000- 
rep plaque were ignited, up to 500 mc of 
P%? could be spread over a wide area 
since the P*? would be converted to 
radioactive P.O; vapors. 

The average maximum radiation 
intensity at the surface of the plaques 
used in this study was 15,000 rep/hr. 
Therefore, the radiation parameter of an 
activated plaque must be classified as a 
Class D problem as defined by Tomp- 
kins and Levy (17). This classification 
requires the complete enclosure of the 
radiation source. 

Direct exposure to the plaque may 
be encountered during removal of the 
plaque from the shipping container, 
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transfer of the plaque from one con- 
tainer to another (e.g., loading an ex- 
posure box), or measurement of the 
radiation intensity of the plaque. 
Therefore, provisions were made in our 
laboratory to allow these operations 
to be performed in a dry box constructed 
with }4-in. Lucite walls (6). This piece 
of equipment is shown in Fig. 4. When 
properly used, it provides adequate pro- 
tection for the worker against radiation 
and contamination by active particles. 
The radiation measuring equipment, 
which includes a vibrating-reed elec- 
trometer and potentiometer for the 
surface chamber, is shown at the extreme 
upperleft. The handle of the tongs with 
which the plaques are manipulated 
projects from the front of the box. 
The storage or activation containers 
are inserted through the door to the 
right. The transparent walls of the 
handling box afford a good view of the 
interior but are an effective shield. 
For rapid, single transfers, one may 
take advantage of distance and the fact 
that the major radiation beams come 
from the flat surfaces of thedisk. Hence 
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FIG, 4. 


by keeping the edge of the disk in line 
with the body, personnel exposure may 
be limited primarily to scattered radia- 
tion which can be kept to less than 
100 mr/hr for a 15,000 rep/hr plaque. 
The disk shape of the plaque makes 
its transfer to various types ol exposure 
boxes and containers difficult when ordi- 
nary tongs are used. For this reason, 
vacuum-type transfer ‘‘tongs,’’ shown 


in Fig. 5, were designed. They have 


simplified many of the operations in- 


volved in handling radioactive plaques. 
They are primarily long metal tubes 
with the necessary component parts at- 
tached 


yl iss-wool 


The vacuum line contains a 
filter that 
radioactive 


prevents any 


entrained particles from 
being drawn into the vacuum system. 
\ pinchclamp release, which opens the 
svstem to the outside atmosphere, is 


The head 


consists of a rubber suction cup which is 


mounted near the handle. 


interchangeable with other sizes. If a 
Walter crucible holder is used as a suc- 
tion cup, objects weighing up to five 
pounds can be lifted with vacuum from 
an ordinary laboratory system approxi- 
mately 80 mm mercury) 


Shielding 
The shielding immediately adjacent 
to the plaque should be made of low-Z 


material (aluminum, plastic, ete.), of 
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Lucite box and experimental set-up for plaque transfers and measurements 


sufficient thickness to absorb the beta 
radiation. Dense shielding should be 
superimposed over the low-Z material 
to reduce the resulting bremsstrahlung 
to less than 10 mr/hr (78). 

It was found that 1.5 in. of lead, when 
reduce 
20,000 
rep/hr plaque to the same level as that 

of aluminum plus 
'> in. of Lucite plus 


used alone, was required to 


the radiation intensity of a 


obtained by 3° In 
ly in. of lead, or 
lo in. of lead. 
\bsorption curves for Lucite, lead, 
and a Lucite-lead combination shield 
placed in contact with a 10,000 rep/hr 
The 
measurements were made with a Beck- 


The con- 


plaque are shown in Fig. 6. 
man Zeus radiation monitor. 
clusions derived from these data are: 

» 1. The shielding efficiency decreases 
with increasing shield thickness. 





Metal tube 
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FIG. 5. Vacuum-type transfer tongs 
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F1G. 6. Phosphorus-bakelite absorption 

curves for Lucite, lead, and Lucite-lead 

combination shields in contact with a 
10,000 rep/hr plaque 


2. A homogeneous shield is less effi- 
cient than a combination of materials. 

These that, at the 
100-me bremsstrah- 
lung from pure beta emitters such as 
definite radiation 


data indicate 


level and above, 
P%2 introduces a 
problem. The intensity and energy of 
the electromagnetic radiation is much 
greater with all shielding combinations 
than the authors at first believed possi- 
ble. 
sorption coefficients were found to be 
of only limited value in determin- 
ing the shielding for bremsstrahlung. 


The monoenergetic photon ab- 


Shipping and Storage Containers 
The 
structed of 


con- 
3¢-in. 


shipping containers are 
1o-in. lead with a 
aluminum. This unit 
closed in a stainless-steel jacket with 
flanges on both the lid and body of the 
container. When the lid is in place, 
the flanges are aligned so that the unit 
can be sealed by bolting the flanges 
together. These shipping units contain 
up to four plaques and provide adequate 
shielding for both the beta and electro- 
In addition, they 


liner of is en- 


magnetic radiation. 
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are sturdy enough to withstand the 
rigors of shipment. 

Storage containers, to be used and 
moved about only in the laboratory, 
can be constructed with more simplicity. 
A suggested design is illustrated in Fig. 
7. This container is constructed from 
concrete, and can be made in any small 
laboratory shop. The inside of the 
container should be lined with a resilient 
material such as blotter paper or a strip- 
pable (19). These storage 
units accommodate several plaques and 
provide adequate shielding for the beta 
radiation. The bremsstrahlung can be 
adequately diminished by additional 
shielding or by distance (20). 


coating 


Contamination Hazards 

Iixtensive laboratory contamination 
has occurred in the past from small, 
activated particles chipped from the 
plaques activation and 
handling procedures. Therefore, the 
physical characteristics of these small 
particles are of particular interest. 

To investigate these characteristics, 


during the 
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FIG. 7. Suggested design for concrete 
storage container for plaques 














several samples were prepared in pow- 
ler form by filing the edges of a non- 
irradiated 


plaque and the following 


obse rvations made. The powder, al- 
though fluffy, is heavy enough that the 
small settle 


scattered in the air. 


particles rapidly when 
Furthermore, the 
particles adsorb moisture from the air 
ind stick to surfaces with which they 
come in contact. 

rhe maximum size of radioactive 
particles likely to be lost was judged 
mg. 
The minimum amount of activity that 


Irom experience to be around 1 
normally constitutes a significant degree 
of contamination in @ particular place 
was set at 0.001 ye, and is designated as 
The ratio of the 
mg) to the 
15,000 
is 1.7 * 10‘—the 
that would be 
contamination. 

The poten- 
tial would occur as a result of a mishap 
igni- 
The probability of 


the critical quantity. 
probable loss l 
quantity for a 


critical 
rep/hr plaque 
number of micro- 
curiles dispersed as 


extreme contamination 
nvolving the entire plaque, e.g., 
tion of the plaque. 
accidental ignition is negligible in an 
iverage 
a general fire 


laboratory; therefore, only 


must be considered. 


Since oxidation of phosphorus to its 
oxides quickly eliminates the oxygen 
from a relatively small dead-air space 
the plaques should be stored in a closed, 
noncombustible container such as that 
shown in Fig. 7. 


The Particle Problem 


It is significant to examine and 
evaluate the magnitude of the particle 
problem. <A particle that is 0.01 to 
| mg in size can be easily detected by 
Particles 
If the humid- 


tends to 


inv be ta-detecting device. 
ol this size settle rapidly. 


ity is above 30°), moisture 
condense on them, causing them to stick 
to surfaces which they contact. 

Che ingestion of a 


particle larger 


than 0.01 mg can result only from gross 


carelessness in handling the plaques 
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FIG. 8. Elimination of phosphorus- 
bakelite from experimental rat 


and negligence in monitoring. Smaller 
pieces 1 to 10 
which would be trapped in the upper 


microns in diameter) 
respiratory tract and eventually swal- 
lowed are too low in activity to be con- 
sidered a health problem. 

However, if these plaques are to be 
used routinely, it is well to know the fate 
of the phosphorus-bakelite material in 
the body. 
activated 


To determine this, 10 mg of 
plaque powder containing 
54 uc of P*? were fed to a single rat. 
The 
determined with the results shown in 
Fig. 8. At the end of four days, 95 % of 
had been elimi- 
At the time of 


sacrifice and dissection, a small amount 


excretion and absorption were 


the ing¢ sted activity 
nated in the excreta. 


remained in the gastrointestinal tract 
No activity could be 
detected in the liver, lungs, spleen, 
heart It appeared that 
practically none of the powder was 


and in the fur. 
or kidneys. 


absorbed through the gastrointestinal 
tract or was permanently lodged in the 
The 
elimination rate suggests that the small 


intestinal mucosa. rather slow 
particles may become trapped in the 


convolutions of the gut and move more 
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slowly than the average bulk of excreta. 
\t any rate, it is concluded that the 
solubility in body fluids is very low, 
With the material passing through 
the gut at this rate, even the most active 
particles can hardly be considered 
Rats exposed to Y*! for a 
period of several weeks showed no effects 
Also, 
there is no danger of possible chemical 


dangerous. 
from a much higher dosage (21). 


poisoning from the phosphorus-bakelite 
material since the toxicity of red phos- 
phorus is very low (22). 


Fire Hazard 
The results of a wide variety of igni- 
tion tests indicate that under certain 


Conclusions 


conditions, the phosphorus-impregnated 
bakelite is combustible but not easily 
ignited. Large pieces will ignite and 
burn vigorously when heated in air 
to a temperature of about 400° C. 
When heated in the absence of air, most 
of the phosphorus condenses on a cooler 
surface as a mixture of the red and 
yellow forms. The carbonaceous resi- 
due, or skeleton, can be ignited only 
under strong heat in the presence of air. 

The powdered plaque samples ignite 
explosively when heated in air to a 
temperature of several hundred degrees 
centigrade. Therefore, it is advisable 
to maintain adequate protective meas- 
ures against ignition. 





The primary problems in the use of 
phosphorus-bakelite beta-ray 
are radiation protection and contamina- 
If adequate shielding is 
provided, the plaques can be handled 
safely by using asceptic techniques and 
by performing frequent surveys of areas 


sources 


tion control. 


subject to contamination. 


Many of the uncertainties in the 


dosage rates from pure beta-ray sources 
have The calibration 
methods represent, in the opinion of 
the authors, the most accurate devel- 
oped to date. 


been resolved, 


* * > 


The authors gratefully acknowledge the 
assistance of C. W. Sheppard for criticism 
and aid in the preparation of the manuscript 
for this article. 
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AAAS Symposium on Radiobiology 


Coming as it did within a year after the highly successful 
Oberlin conference,* it was feared that the AAAS sympo- 


sium would yield little new information. 


This was certainly 


not the case, as the symposium highlights recorded here show 


By ABRAHAM EDELMANN 


Biology Department 


{ ‘pton, NV eu 


TWENTY-THREE PAPERS comprised the 
program of the latest large symposium 
on radiobiology.t Competently  ar- 
Dr. Gordon K. Moe and his 
stimulating 
The high- 
lights of twenty-two of these papers are 


ranged by 


associates, it Was a most 


and informative program. 


summarized below. 


Irradiation for Plant Growth 


The first two reports were concerned 
with the effects of ionizing radiation on 
the growth and development of plants. 
Dr. Karl 
in di 
of gamma radiation on plant develop- 
ment, pointed out that one of the factors 


Sax (Harvard University), 


cussing the effect of low intensities 


determining the observed frequency of 
¢hromosomal aberrations was the dose 
rat: Low-intensity doses given over 
a certain period of time are less harmful 
to the plants than an equivalent total 


dos: 


time 


given over a shorter period of 


One of the reasons for this is 


that a higher proportion of breaks heal 
if the dose rate, and hence the number 


of breaks per cell nucleus present at 


sium on Radiobiology sponsored by 
tesearch Council and held at 


rllege Oberlin, Ohio, June 14-18, 


I! 
ona 


ld at the 117th Meeting of the 
wiation for the Advancement of Science 
eland, Ohio, December 29 and 30, 1950 

and jointly sponsored by the AAAS Subsection 
Ni Medicine AAAS Section 1} Zoology 
und the American Society of Zoologists 
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American 


Brookhaven 


National Laheorator y 
} orKk 


any one time, is low. However, when 


the dose rate is increased and other 


breaks occur in the vicinity, healing in 
the original sequence is much less 
frequent. 

seeds varies 
Dry seeds of 


plants 


The radiosensitivity of 
Irom species to species 
garden 
were exposed to doses of from 2,000 to 
64,000 X-radiation. Of 
those tested, the seeds of Lilium regale 


fourteen varieties of 


roentgens of 
sensitive, hardly any 


The 


represented by 


were the most 
growth occurring after 2,000 r. 
other extreme was 
radish and cabbage seeds which were 
practically unaffected in germination 
and growth after 64,000 r. In many 
there was stimulation of 
seedling growth after 2,000 to 8,000 r. 
In general, however, the effects were 
Sax mentioned 
the interesting fact that the idea of 
stimulation of growth by X-ray treat- 
ment of seeds was patented{ but that, 


some 


‘A SeR 
cases, 


deleterious. Dr. also 


to his knowledge, the method was 
never used commercially. 

Dr. S. A. Gordon 
Laboratory) gave a possible explanation 
for the 


irradiated plants when he showed that 


Argonne National 


decrease in growth rate of 


low levels of X-irradiation immediately 


decreases the levels of free auxins in 


plants. The production of these growth 


t Patent 1835888, by J. M. McCoy, Vincennes, 


Ind. (De 8, 1931 
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hormones is also decreased. When 
irradiated in solution in vitro, auxin 
has no abnormal radiosensitivity, and 
it can be protected by other organic 


substances in solution. 


Radiation-Induced Mutations 
Three 


with 


papers primarily concerned 
genetic effects were then pre- 
sented. Dr. H. H. Plough (Amherst 
College) extended to the bacterium 
Salmonella typhimurum the techniques 
first developed by Beadle for Neuro- 
producing mutations ex- 
pressed as changes in specific growth 
requirements. Dr. Plough was able to 
find a series of mutants induced by 
both ultraviolet and X-radiation. His 
curves indicated a high correlation be- 
tween numbers of mutations and dos- 
age, and from these he drew the con- 


spora of 


clusion that dosage, not rate, is the 
He also 
reported that the beta radiation from 
radioactive sulfur (S*5) added to cul- 
tures to produce up to 100 me per ml 
was completely ineffective with regard 


important factor in this case. 


to mutant production. 

Dr. C. P. Swanson (Johns Hopkins 
University) reported that pretreatment 
of plants with infrared radiation in- 
creased the number of chromosome 
aberrations after X-irradiation. Infra- 
red by itself has no effect. Apparently 
a semipermanent change is effected in 
the chromosome by the infrared radi- 
ation as its effect is evident even if it is 
given as long as ninety-six hours before 
the X-ray The types or 
ratios of the types of aberrations are 
not affected by the pretreatment, there 
being just an increase in the number of 
These results are the 
same if the chromosomes are single or 
in the split condition. 

When ultraviolet radiation is used to 
produce mutations, it appears, accord- 


exposure. 


abnormalities. 


ing to Swanson, that it is the environ- 
ment of the cells that determines the 
end result and not the energy absorbed. 
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The complete mutagenic effect of 
ultraviolet radiation is not realized 
until some time after the radiation has 
ceased. This period of time is less than 
half an hour. A similar period must 
transpire before mutagenic effects of 
mustard are seen. Dr. Swanson feels 
that the ultraviolet mutagenic effect is 
an indirect and not a direct one. 

In contradistinction to infrared, 
X-radiation effects are not modified by 
pretreatment with ultraviolet radi- 
ation or the mustards. 

A progress report on his experiments 
on radiation-induced mutations in mice 
was given by Dr. W. L. Russell (Oak 
Ridge National Laboratory). As he 
pointed out, data on mammals are 
sorely needed for fixing maximum 
permissible levels, and any’ such in- 
formation from well-controlled and 
well-performed experiments are of im- 
portance at this time. 

The gist of his report was that 
human data calculated from Drosophila 
(fruit fly) experiments may be low by 
one order of magnitude and that extra 
‘saution must therefore be exercised 
in drawing up protection requirements 
for human beings. 

The evidence for this is based upon 
23 mutations in 25,000 mice. There 
were none observed in 21,000 controls. 
Of 7 loci studied, mutations ranging in 
number from 1 to 11 were seen in 6 of 
these. There is evidence that specific 
loci were involved. In those involving 
color, the shades were distinct and the 
hair was examined histologically. As 
a matter of fact, 3 of the mutants were 
tested genetically and found to be of 
specific loci. One was obtained in a 
homozygous condition and was fertile. 
In addition, there is no evidence that 
they were not confined to a specific locus 
and little evidence that chromosomal 
aberrations were responsible. 

If one takes 14 conservative 
estimate of the lower limit of the 


as a 


number of mutations, then the rate per 
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13.2 x 10-° 
10 8 per 
locus per roentgen and the ratio of thes 


locus per roentgen is 


In Drosophila, there are 1.5 


figures for the mouse to Drosophila is 9. 
If 23 is taken 
observed effects in the mouse, then the 
Hence the 
that the human d: 


ited from Drosophila experiments may 


as the total number of 
ratio becomes 14 earlier 
ita calcu- 


statement 


be low by one order of magnitude. 


Neutron Irradiation of Compounds 
The (n, y) reaction is being utilized 
1A 
ity) and his 
The 
this reaction is greater than the bond 
With the 


ruptures, it 1s hoped that a percentage 


Solomon (Harvard Univer- 


associates to tag intact 
supplies by 


| 
mooie ules 


energy 


energies resulting bond 
of the active atoms will recombine with 
the molecule to label it. 


with 


I’xperiments 


cysteine, insulin, and carbon 


disulfide have given some positive re- 


sults, but the yields have been quite 


small. Interestingly enough, while the 


insulin molecule is broken down by the 
neutron irradiation, the products retain 


about 25% of the original biological 


activity 


When subjected to neutron bombard- 
(CsHgN 
CyHe 


supposedly by neutron capture by the 


ment, pyridine was found to 


yield benzene in small degrees, 


nitrogen atom 


Action of X-rays on Cells 
ixperiments on X-irradiation of the 


gz rm 
ported by Dr. T.C 


versity of 


urchin 
Evans 


Irradiation of the 


cells of the sea were re 
State Uni- 
lowa 
eggs Causes disappearance of the sur- 
to the cell 
The effect is rapid, appearing 
Other 


rounding jelly and damage 
surface 


immediately after exposure 


effects, observed at a later period, 


* Ee prron’s Nore: The reviewer unfortunately 

able to hear the presentation of Drs 
cher and M. Rotheram (University of 
Berkeley) which folk ‘ Dr 


eport heir subject 


include the delay of cleavage and the 
production of multipolar spindles. 
The fertilizing capacity of the sperm 
after 
However, in contrast to the other phe- 


is also decreased irradiation. 
nomena, the sperm effects are modified 
by or subject to environmental con- 
ditions, being, for example, less evident 
when the sperm is in a more concen- 


trated solution during irradiation 


Similarly the addition of egg albumin 
or dead sperm to a dilute suspension of 
live sperm 

This 


ey idenced by 


decreases the irradiation 


effect protective action is also 
a mixture of arbacia and 
nereis sperm in which each protected 
the other. Presumably, these contam- 
inants compete with the test sperm for 
the toxic agent, which may be the 
so-called ‘“‘activated water molecules.” 
After large radiation doses, it appears 
that hydrogen peroxide may be the sub- 
stance exerting these effects. 

Sperm put in water that had been 
previously irradiated (100,000 r) or in 
dilute solutions of hydrogen peroxide 
showed effects similar to those of the 
irradiated sperm. 

Dr. Evans found 


delay 


In his experiments, 


that while irradiation caused 


of cleavage, the oxygen consumption 
measured 


and phosphorus uptake as 


with P*2 were not inhibited. 
that 


related to primary 


It ippears therefore, some 
specifie effects are 
and are irreversible, while 
affected by the con- 


which the 


processes 
others may be 


ditions under irradiation 
takes place. 

Factors influencing cell response to 
X-radiation was also the subject of a 
prest ntation by Dr. A. Hollaender (Oak 
Ridge National Laboratory). He re- 
ported that 
kept in water, they are much more radio- 


when fungus spores are 
sensitive than when dried over phos- 
When wet 


are deprived of oxygen, the sensitivity 


phorus pentoxide. spores 


is decreased. Oxygen tension also has 


profound effects on other organisms 
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There is an effect on chromosomal inter- 
changes in the plant Tradescantia when 
it is irradiated in an atmosphere of pure 
oxygen. The magnitude of this effect 
is decreased when the plants are 
irradiated in air, and protection is 
afforded by nitrogen, 
hydrogen, carbon dioxide, or argon. 


irradiating in 


The rate of gene mutation in Dro- 
sophila is high when exposed in oxygen 
and low when exposed in nitrogen. 
The temperature during irradiation in 
nitrogen does not affect the mutation 
rate, while the radiosensitivity in oxy- 
than at 27° C. 

The oxygen effect in FE. coli is similar. 
When the 
cally 


are very radiosensitive. 


gen is higher at 0 


bacteria are grown aerobi- 
and irradiated aerobically, they 
When grown 
and irradiated anaerobically, they are 
relatively insensitive. However, when 
cultured anaerobically and irradiated in 
the presence of oxygen, the sensitivity 
is close to that of the aerobically grown 
and irradiated group. 

In continuing the discussion of the 
effects of oxygen tension during the 
irradiation of bacteria, Dr. Hollaender 
presented the results of another inter- 
These 
experiments showed that, under certain 
conditions, the presence of almost any 
of the amino acids will protect against 
the radiation. In oxygen-saturated 
solutions, however, cysteine is the only 
Cysteine 
will protect under any of the experi- 
employed. How- 
ever, it afforded no additional protec- 
tion when the coli were grown and 
It is difficult 
to interpret the protective action of 
Twelve other sulfur-contain- 
ing compounds protect in bacteria. 
Others without sulfur protect, as do 
some fuarans, glycerine in high concen- 
tration, ethylene glycol, and propylene 
glycol. 


esting series of experiments. 


one that affords protection. 


mental conditions 


irradiated anaerobically. 


cysteine. 


Hydrogen peroxide is probably not 
the noxious substance according to Dr. 
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Hollaender, because he feels that the 
amount formed is not enough to damage 
bacteria by itself. Some other ioniza- 
tion product, such as HO:, may be 
involved. 


Jaw Imadiation 


Local X-radiation to the upper or 
lower jaw of young axolotls suppressed 
the growth and development of the 
irradiated area. Animals irradiated 
20 days after hatching were much more 
sensitive than those exposed at 200 
days. These experiments were re- 
ported by Drs. V. V. Brunst, E. A. 
Sheremetieva-Brunst, and F. H. J. Figge 
(University of Maryland). They indi- 


cated that the smaller jaws were just 
immature copies of the normals, except 
that there was a complete lack of teeth 
in the treated jaws. 

No explanation was advanced for this 
latter finding. 


Effect of I'*' on Thyroid Tissue 

Dr. S. Koletsky (Western Reserve 
University) described the histopathol- 
ogy of the rat thyroid after adminis- 
tration of radioiodine. If the animals 
were given a relatively iodine-free diet 
for six weeks, 500 ue always completely 
destroyed the gland, 250 we was a rela- 
tively destructive dose, while 100 pc 
yielded considerable damage but some 
glandular parts persisted. 

While hyperemia was visible in a 
matter of hours after I'*! administra- 
tion, cellular damage was not evident 
until a day later. Two days after 
treatment, an inflammatory reaction 
set in. Exudates were present and 
nuclear damage was revealed by a 
tendency to pyknosis. Desquamated 
cells were found in the lumen, intra- 
follicular colloid became fibrillar and 
follicular rupture occurred with disper- 
sion of the contents into the stroma. 
After one to two weeks, the typical 
thyroid pattern was gone with only 
slight indications of follicle structure 
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evident. Parathyroid tissue adjacent 
to the thyroid was also affected. 

There 
The vessel 


hyaline-like 


occurred 


Was marked vascular disease 


walls were converted to 


structures and fibrosis 
Bizarre cells appeared in the 
These 


the experimenters to be 


stroma. were considered by 
potential 
tumor-producing cells, although they 
observed no instance of thyroid cancer. 

With the lower doses, only a portion 
the gland was affected. As would 
be expect d from a consideration of the 
effect of within a 


radiation isotopes 


mass, the marginal areas were 
less affected. That 


which destroved by the 


tissue 
portion of the 
gland was 


radioiodine lost its recovery function 
permanently, but the portion escaping 
damage eventually resumed 


SeCTIOUS 
colloid production. However, true fol- 


licle formation did not occur. 


Effect of X-rays on Rodent Testicles 

In discussing the effects of X-rays 
on mouse and rat Dr. EC: 
Foqq (Pondville State Hospital, Nor- 
folk, Mass.) pointed out that, at low 


testicles, 


levels, mouse testes were more sensitive 
to irradiation than rat testes, but this 
difference was not apparent when high 
doses were given. 

Normally the 
spermatogenesis are 
tubules. The 
affected by 138 r. 


various stages of 
present in the 
spermatogonia of the 


There 


in the number following 


mouse are 
Is it decrease 
radiation. The low point is reached at 
five davs after which there is a period 
of recovery. This is followed by a 
turn 


As the 
point de- 


yp riod of relapse which is in 


followed by a second recovery. 
dose is increased, the low 


creases along with the rate and amount 


of recovery Following a high dose 


5,050 r), there are no germinal elements 
remaining 
In the rat, the 


spermatogenic ele- 


ments fall at a slower rate and for a 


longer period of time than in the mouse 
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of germinal elements 


occurs after 4,500 r in this species. 


loss 


Complete 


Sensitivity of Embryo Cells 
Developing neuroblasts are probably 
the most ionizing 
radiation according to Dr. S. P. Hicks 
New England Hospital, 
Soston, Mass.), who irradiated animals 
pregnancy and 
This degree of 


sensitive cells to 


Deaconess 
at various stages of 
examined the foetuses. 
susceptibility is especially high when the 
irradiation is performed during the last 
two thirds of pregnancy. 

Mature 


considered to be 


nerve cells are generally 


very radioresistant. 
The fact that the neuroblast is sensitive 
is in agreement with the concept that 
developing metabolically active cells 
are, in general, radiosensitive. 


The brain continues to develop, but 


cerebellum are 
The developing 
retina is quite susceptible, being de- 


the cerebrum and 


smaller than normal. 


stroyed after 400 r. 
The administration of nitrogen mus- 
tard effect 


embryonic tissue. 


upon the 
This is 


had a similar 
nervous 
instance of the similarity in 
effects 


radiation and the mustards. 


another 


observable between ionizing 


Post-radiation Water Metabolism 
The remaining reports are concerned 


with various phases of whole-body 
irradiation of mammals. 

This reviewer reported on his and his 
determine water 


after X-irradi- 


associates’ work to 
metabolism of the rat 
ation. 

Intake and output of water is in- 
creased the first day after irradiation 
and, in over 70% of the animals, on the 
fifth or sixth day after exposure. Both 
the fluid intake and the urine volume 
for the first day are proportional to the 
log of the dose, at least between 75 and 
600 r. If the fluid intake is restricted 
for the 24 hours immediately following 


irradiation, the urine volume increases. 
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Hence it is felt that the diuresis pre- 
cedes and may, in fact, be the cause of 
the polydipsia. 

Irradiated 
water given by stomach tube at a faster 
than unirradiated rats. This 
effect is present for only 24 hours after 
Serum, taken from irradi- 
ated rats within 24 hours after exposure, 
assayed for ‘‘antidiuretic 
which is probably the anti- 
diuretic factor of the posterior lobe of 
the pituitary gland, was found to con- 
tain less of this substance than serum 
from controls. Serum 
taken at later times after irradiation 
did not differ in this respect from the 
normal control serum. 

The first period of diuresis therefore, 
might be due, at least in part, to a de- 
circulating anti- 
diuretic Further indica- 
tions of this are seen in the absence of 
this first diuretic phase when hypophy- 
sectomized rats are irradiated. Aureo- 
mycin administered in the food, or 
adrenal shielding, had no effect upon 
this water turnover. 

It appears then, that the posterior 
lobe of the pituitary is concerned with 
the responses of the rat to whole-body 
X-irradiation. 


rats excrete a dose of 


rate 
exposure. 
sub- 


and 
stance”’ 


unirradiated 


creased amount of 


substance. 


Food Intake After Irradiation 

Discussing gastro-intestinal function 
as affected by ionizing radiation, Dr. 
D. E. Smith (Argonne National Labor- 
atory) that the 
digestive tract is vulnerable to radi- 
ation damage. After irradiation with 
as little as 25 to 100 r in some species, 
there is little or no food intake the day 
following exposure, and the weight loss 


pointed out whole 


of the animal parallels the decreased 
intake when 250 to 10,000 r is given. 
The anorexia and weight loss vary as 
The effect lasts for 4 to 5 
days and then returns to normal. The 
decreased food intake appears to be 
When 


the dose. 


related to stomach emptying. 
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forced feeding is resorted to, the food is 
kept in the stomach until the fourth or 
fifth day after irradiation. Intestinal 
motility is increased the first few hours 
after radiation. 

This reviewer would like to emphasize 
the growing evidence that the weight 
loss after irradiation may be entirely 
accounted for on the basis of decreased 
food intake. contrast to 
earlier notions that the weight loss was 
due to tissue destruction. 


This is in 


Isotopes and Renal Function 


Dr. L. RB. Farr (Brookhaven National 
Laboratory) presented data showing 
that in twelve patients with metastatic 
thyroid carcinoma receiving total doses 
of from 4-360 me of I'*!, no discernible 
kidney damage was evidenced by the 
Van Slyke urea test, the concentration 
test of Addis and Shevky, Addis counts, 
and sediment examination. 


Lethal X-ray Dose Data 


It is not too easy to repeat irradiation 
experiments on mammals performed by 
another worker. Even the LD-50 will 
vary appreciably from one laboratory 
to another. There are many possible 
reasons for these variations, but experi- 
mental verification is necessary to 
establish them as contributing to the 
complexities of the field. Dr. H. S. 
Kaplan (Stanford University) has data 
which appear to be of value in this 
regard. Mice were given a single dose 
of 550 r at various ages and it was found 
that both young and mature animals 
Thirty days 
after exposure, there were 77, 74, 83 and 
88% survivals for mice irradiated at 
1, 15, 60 and 90 days of age respectively ; 
when irradiated during }u- 
berty only 10% survived. 

There sexual 
survival of the mice, the death rate 
being the same at all When 
radiation was given in a single dose, the 
LD-50 was 510 r. This could be in- 
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were relatively resistant. 


however, 
was no difference in 


doses. 











creased by fractionating the dose 
The LD-50 values after 2, 
fractions became 585, 720, and 
When the interval 


increased to 


4,or8 equal 
daily 
R50 r respectively. 
treatments was 
1 days, the LD-50 rose even higher, 
that had 
taken place between irradiations. 

No effect of weight on survival was 
age. 
This is at variance with published re- 


bye tween 


ndicating tissue recovery 


evidenced except as related to 
ports that body weight is related to 
survival. 

head, 


shields 


chest, abdomen, or thighs during irradi- 


Lead protecting the 
ation reduced the mortality compared 


with unshielded controls. Protection 


was greatest with shielded abdomen. 


Irradiation and Spleen Shielding 
The spleen shielding experiments of 
Dr. L. O. Jacobson (Chicago 
presented. When the rat’s spleen is 
shielded from the X-radiation, a re- 
markable degree of protection is con- 
This best be 


were next 


ferred, may seen in 


the accompanying table, which shows 


the percentage of survival of controls 
and spleen-shielded rats after various 
amounts of X-radiation. 





Survival 
(Spleen 
Sh ielde ad 


100.0% 


Survival 
Dose Controls 
600 r 50.0% 
025 r 1.2% 86.0% 
100r 0 55.0% 
200 r 0 14.3% 
300 r 0 3.0% 





In discussing the mechanism of this 
protective action, Dr. Jacobson demon- 
strated an effect on the blood svstem 
The 


animal 


red count of the spleen-shielded 
1.025 r: the 


platelets did not decrease as much as in 


was normal after 
the controls; the leukocyte counts were 
normal in 9 days which was not true of 
the unshielded controls. The reticulo- 
both the shielded 
shielded animals increased 
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evtes of and non- 


When the liver was shielded, there 
33% 


hemopoietic recovery. 


was a survival with complete 
Head shielding 
resulted in partial recovery and partial 
survival, as did intestine shielding. 
Apparently the spleen is required for 
irradiation. 


Splenectomy performed 10 minutes be- 


4 period of time after 
fore X-irradiation resulted in 0% sur- 
vival as did removal of the spleen 5 
minutes after shielding and 
X-radiation. If splenectomy was de- 


layed 6 hours after irradiation of the 


spleen 


spleen-shielded animal, 46% survived. 
If 2 days elapsed before spleen removal, 
the survival increased to 55%. 

In another series of experiments, ani- 
1,025 r and 
immediately after spleens from baby 


When only 


spleens were inserted, there were no 


mals were irradiated with 


mice were implanted. two 
survivors but the implantation of four 
live. If 
plantation was performed 2 days after 


spleens enabled 25% to im- 
irradiation, 20% survived. 

All this points to a humoral substance 
To test 


spleens 


present in the spleen and liver. 
this, 


mashed in water or 


Jacobson is injecting 
saline into irradi- 
ated animals. Large doses were toxic 
to the recipients, killing them within 
24 hours, but he feels that he is obtain- 


ing some protection with smaller doses. 


Carbon-14 Metabolism 

Before a radioisotope can be sub- 
jected to clinical trials, it is necessary 
to learn something of its behavior and 
distribution in the body. The im- 
portance of this is easily seen. 

For example, an isotope with a long 
half-life would not be used as a tracer 
unless it were certain that it would not 
he retained in the body long enough to 
cause any radiation damage. Carbon- 
14, potentially one of the most useful 
isotopes, is one of these. Because of 
inherent difficulties in counting, com- 
paratively little is known of its tissue 


half-time 
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other pertinent characteristics. Dr. 
D. L. Buchanan (Argonne National 
Laboratory) has attempted to deter- 
of these. In establishing 
the steady state in mice inhaling radio- 
active carbon dioxide, various tissues 
were analyzed for carbon specific ac- 
tivity at various time intervals. 

In the mouse, he found that the car- 
bon reached equilibrium in 3.7 days. 
In larger animals, a longer time was 
required because of lower metabolism 
The specific activity of the 
plasma, liver, gastro-intestinal tract, 
and kidney comes to equilibrium earlier 
than and muscle. Peculiarly 
enough, the specific activity of alveolar 
carbon dioxide remains constant even 
if the tissue does not. Dr. Buchanan 
reported that the amount of C'* in 
inhaled carbon dioxide required to give 
one rep of radiation to the mouse was 
0.12 me, as compared with 0.0023 me 
if given in uniformly labeled food. The 
difference is due to the 
mechanisms of carbon metabolism when 
inhaled and ingested, but the values are 
important in providing an index to the 
quantities involved. 


mine some 


rates. 


brain 


doubtless 


Synergism with Isotopic Compounds 


One of the most interesting papers to 
this reviewer was that of Dr. H. L. 
Friedell \Western Reserve University) 
on the synergistic effects of different 
isotopes administered in combination. 
By synergism is meant the action of 
two agents administered simultaneously 
which results in a total response greater 
than the sum of the effects each agent 
produces when given alone. 

Colloidal radioactive gold (Au'®§) 
given in doses of 26 we to rats caused a 
mortality of 40%. A similar percent- 
age was obtained by treatment with 
2 uc of strontium-89. By halving the 
dose of each isotope and administering 
them in combination to rats, a 40% 
mortality would be expected, but about 
90% succumbed. 
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A possible explanation of this and one 
supported by additional experimenta- 
tion, as pointed out below, is that the 
Au'®* and Sr® are localized in different 
tissues of the body. Gold is concen- 
trated primarily in the spleen and liver 
whereas strontium is preferentially 
taken up in the bone and bone marrow. 
Two systems are therefore damaged, 
and it is not unreasonable that augmen- 
tation of the noxious effects on a system 
occurs when another is also damaged. 

In the case of the spleen, liver, and 
bone marrow, the hemopoietic elements 
are involved. These are known to be 
greatly concerned with recovery after 
radiation and this particular experiment 
along with the previously mentioned 
work of Jacobson emphasizes the inter- 
relation of the spleen and bone marrow 
in regard to blood-cell manufacture. 

When P** was given in combination 
with Sr®*, no synergism resulted. Both 
phosphorus and strontium are dis- 
tributed to the same tissues in the body 
so that this supports the concept that 
synergism occurs when different tissues 
are affected. 


Metabolic Factors in Radiosensitivity 


In discussing the relation of meta- 
bolic factors to radiosensitivity, Dr. H. 
M. Patt (Argonne Nationa! Laboratory) 
presented data that serve to help clarify 
several of the problems in this field. 
Unfortunately, all of his material could 
not be given because of a reduction in 
the allotted time. 

While conflicting reports exist, there 
appears to be no consistent change in 
metabolic rate after irradiation, nor are 
there any differences in the metabolic 
rates of specific tissues. The basal 
metabolic rate of the species being 
examined also appears to bear no rela- 
tion to the LD-50. However, some of 
the changes that occur after irradiation 
are related to the metabolic rate. 

Temperature may have a similar 
action, not being effective during 
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irradiation but exerting an influence in 
the post-irradiation period. Neither 
temperature nor metabolic rate per se 
influences the immediate physical effects 
of radiation. 

There is a general theorem that the 
greater the metabolic activity of the cell 
the higher the radiosensitivity. A 
secreting glandular cell or a mitotically 
active cell, as examples, are supposed 
to be more radiosensitive than a resting 
cell. According to Dr. Patt, this is not 
necessarily so. 

There is little information regarding 
the relation of pH to changes occurring 
during irradiation. 

Anoxia during irradiation has been 
found to protect all animals tested ex- 
There 
pears to be no satisfactory explanation 
for this fact. Dr. Patt also pointed out 
that hydrogen peroxide may not need 
dissolved oxygen for its formation dur- 
ing irradiation; thus one cannot glibly 


cept tadpoles and frogs. ap- 


explain the protective action of anoxia 
on this basis. 


Protection with Glutathione 

Drs. E. P. Cronkite, G. Brecher, and 
HW H, Chapman (National Naval 
Medical Center) presented some ma- 
terial concerned with the protective 
mechanism of glutathione in radiation 
injury. 

Mice, prior to irradiation, received in- 
of glutathione. At various 
intervals after irradiation, studies were 
made of the weights of thymus, spleen, 
adrenal and liver, blood counts, and 
organ histology of these mice and a 
control group. The findings were sim- 
ilar in both control and treated mice 
for the first three days. By the fifth 


jections 


day, regeneration of the bone marrow 
of the treated animals had begun. On 
the seventh day, active hemopoiesis 
was evident in the glutathione-treated 
group, while none was observed in the 
controls. Cellular destruction was 
identical in both groups. 

Inasmuch as erythropoiesis in the 
bone marrow and spleen occurred much 
earlier in the treated group, Dr. 
Cronkite feels that the sulfhydryl 
groups protect a mechanism permitting 
orderly regeneration of the hemato- 
poietic system. 


Radiation Sickness Therapy 


The final paper was on the treatment 
of radiation sickness and was presented 
by Dr. J. G. Allen (University of 
The experimental data dealt 
primarily with head shielding and sur- 
vival in dogs. It was shown that the 
protection afforded by shielding the 
head during irradiation (75% survival) 
was related to improved hematology, 
i.e., red- and white-cell and platelet 
counts, hemoglobin and clotting time. 
Dr. Allen also reported that two of 
dogs survived when given 
aureomycin and blood transfusions, 
while none survived with either aureo- 
mycin or transfusions alone. 

It was brought out that not enough 
physiological or pathological data are 
yet available to devise a complete ra- 
tional therapy for radiation sickness. 
The of treatment was 
presented, consisting in part of a num- 
ber of whole-blood transfusions. This 
aspect questioned during the 
ensuing discussion and it appears that 
this procedure remains open to question 
on physiological grounds. 


Chicago). 


eleven 


present mode 


was 
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Radioactive Dust Separation Equipment—I 


A\ir-borne radioactive dust creates a hazard for personnel and 
increases instrument background. Practical and theoretical 
factors affecting separation equipment design and use are 
presented here with an engineering survey of units now in use 


By ALLAN L. BRALOVE 


Acting Director, Chemical Engineering Department 
National Scientific Laboratories, Inc.,Washington, D. C. 


DISPOSITION OF DUST is not a new prob- 
lem. The sulfuric and nitric acid, coal 
and coke, steel and smelting, paper and 
powder industries have all found it 
necessary to remove dusts and mists 
from waste gas because of the hazard 
or for reasons of economic recovery. 

With radioactivity, the 
concentrated toxic effect of radioactive 
dust accents the necessity of dust re- 
moval. At the same time, it compli- 
cates the removal problem. If every 
dust particle in the air we normally 
breathe radioactive, the effect 
would be lethal. Radioactive dust 
represents the extreme in hazardous 
conditions per unit concentration. 

The radioactive gaseous streams 
associated with plants and laboratories 
emanate from four principal sources: 

1. Ventilation air comes in 
tact with and 
equipment containing radioactive ma- 
terials. Quantities of ventilation air 
which must be handled for a single 
plant range as high as 50,000 ft*/min. 

2. Process waste streams are a result 
of chemical reactions. While not as 
large in quantity as ventilation air, these 
waste streams represent a most difficult 
problem because of their hot, humid and 
corrosive nature. 

$8. Air and other gases are used for 
cooling nuclear reactors. For example, 
300,000 ft? /min of air are forced through 
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extremely 


were 


con- 


laboratory process 


the reactor at Brookhaven National 
Laboratory to cool it. 

4. Vapors are evolved_in evaporation 
steps involved in liquid-waste handling. 

Radioactive dust and mist from all 
these sources must be removed before 
the gaseous streams can be allowed to 
escape into the surrounding atmosphere. 

It should be noted that radioactivity 
in a gaseous stream can also be present 
as a gaseous component —radioactive io- 
dine, helium, argon, etc.—as well as in 
the form of an aerosol. Gaseous com- 
ponents must be handled in equipment 
which can remove them by preferential 
absorption, condensation, chemical re- 
action, or the like. Because this 
represents a problem quite apart from 
the handling of radioactivity in par- 
ticulate form, it is not considered here. 


DUST REMOVAL FACTORS 

To understand the application of 
available commercial equipment to 
removal of radioactive dusts, as well as 


‘the development of new equipment, the 





Equipment now being developed for 
separation of radioactive dust will be 
discussed in Part Il of this article 
next month. Suggestions for future 
dust-separation equipment design will 
be covered in Part Ill. 
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theoretical and practical factors govern- 
ing the success with which radioactive 
dust can be handled must be made clear 


These factors are reviewed here. 


Theoretical Considerations 

Dust exists in a gas or in air because 
it has not had sufficient time to settle. 
The particles are of such size that either 
the turbulence of the gas is sufficient 
to offset any directional settling, or the 
Brownian motion is significant enough 
to maintain the particles in suspen- 
sion (1), 

Particles can be removed by settling, 
by trapping (as on filter paper) and by 
impingement upon a surface. The first 
method is ineffective for the particle 
involved in this 
The second applies to filtering tech- 
niques, but the 
mechanism involves to a considerable 


sizes problem (2). 


actual separation 
degree impingement as well as trapping 
8). The third method is significant 
not only in filters but also in scrubbers, 
precipitators, cyclones, and, generally 
speaking, all known methods of separa- 
tion. Here, it is desirable to impinge 
the particle into a liquid film to facilitate 
removal from the impingement surface. 
Impingement. Essentially, the suc- 
cess with which a particle is impinged 
on a surface depends on the size of the 
particle (1, 2,3). Density is important 
with larger particles, but becomes in- 
significant with particles under 2 uw (4 
It has been shown that the surface ten- 
sion of a liquid does not significantly 
control the velocity which the particle 
must possess to enter a liquid; settling 
resistances controlling the particle 
momentum far outweigh surface-tension 
effects. Even solubility of the particle 
does not to be a 
factor (4). 
To effect 


moving In a gas stream must be given 


appear dominant 


impingement, a particle 
a component velocity through the gas 
toward the impinging surface, because 
the gas detours around the obstruction 
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2.01 000 
Particle diameter (y) 


FIG. 1. Effect of Brownian motion upon 
efficiency of removal for filter paper 


and tends to carry the particle with it. 
With adequate centrifugal action the 


particle can be given a 


component 
velocity directed toward an impinge- 


ment surface. Sometimes an impinge- 
ment surface such as a spray drop is 
given a velocity toward the particles (6); 
however, except in specially designed 
units, the probability of a spray drop 
contacting a particle is small, and the 
water serves mainly as an impinger 
wash. 

The component velocity which can be 
imparted to a particle by centrifugal 
action is dependent upon the particle 
size. The smaller the particle, the less 
net velocity toward an impinging sur- 
face can be given to it and the harder 
it becomes to remove. The amount of 
centrifugal force necessary to impinge 
a particle also depends greatly on the 
distances between impinging surfaces; 
thus a lower centrifugal action is used 
in filters than in scrubbers or cyclones 
because of the close proximity of the 
impinging surfaces. 

Brownian motion. Another phenom- 
enon in evidence with particles under 
0.1 « is Brownian motion. These par- 
ticles are small enough to react to the 
bombardment of the surrounding gas 
molecules and show definite migration 
(1, 6). Where the collector 
has interstices in the order of magnitude 
of Brownian motion, small particles 
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are actually removed with greater ease 
than some of the larger particles. With 
filters, for instance, the efficiency of 
removal drops off to a minimum for 
0.3-u particles, and then increases as the 
particle and 
Brownian motion becomes increasingly 
effective (3, 7). A typical efficiency 
curve is shown in Fig. 1. 
External migration forces. 
tion to an impingement surface may be 
applying the 
externally rather than in the gas stream 
itself. The precipitator, 
for example, applies migration force 


size of the decreases 


Migra- 


carried out by force 


electrostatic 


through electrostatic attraction. 

It has already been mentioned that 
certain types of washing units hurl the 
impinging surface at the particles in the 
form of spray droplets. Still another 
technique is the application of sound to 
vibrate the particles, employing the 
particles themselves as impinging sur- 
faces and causing the particles to vibrate 
violently until collision occurs between 
them (8). 

Particle growth and agglomeration. 
These are alternate means of obtaining a 
greater degree of impingement by in- 
creasing the size of the particle; a heavier 
particle is naturally easier to remove. 
Agglomeration is achieved through 
sonic vibration or violent mechanical 
agitation of the gas stream. Particle 
growth is achieved most effectively by 
condensation of water around the dust 
as nuclei. 

The factors governing the success of 
particle growth are: 

1. Proper thermodynamic conditions 
of the gas stream which will allow con- 
densation to take place must be 
maintained 

2. One of the three basic methods to 
achieve condensation—mixture of two 
saturated gases (one is usually steam), 
sudden cooling of saturated gases, or 
adiabatic reversible expansion of the 
gases followed by some means of stabi- 
should be 


lizing the condensation 
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FIG. 2. Basic methods of achieving con- 
densation for particle growth 


employed. These basic methods are 
diagrammed in Fig. 2. 

3. An effective piece of separation 
equipment must be utilized to capture 
the wetted particles. 

A thorough understanding of the 
theoretical considerations, which will 
be discussed in Part II of this article, 
cannot be stressed too much, because 
without knowledge of the limitations 
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and precise conditions under which this 
system must be operated, little success 


ean be achieved. 


Concentrations of Radioactive Dust 
The 


dusts and mists are, in general, much 


concentrations of radioactive 
smaller than those concentrations one 
fume and 


Indus- 


normally associates with 
smoke problems in industry. 
trial smokes, as seen issuing from stacks, 
are generally in the visible range and 


usually run from one to hundreds of 


grains per ft® (2 Radioactive dusts, 


ilthough sometimes visible, normally 
run one to several grains per 1,000 ft? 
10, 11). This 
sponds to the atmospheric dust con- 
centration in air surrounding 
While most equipment 


concentration corre- 
most 
industrial sites. 
is not dependent upon concentration of 
dust for effectiveness of its removal, the 
ones which are do not find application 
to the radioactive problem. 


Particle Size 

While atmospheric dust is generally 
considered the most difficult to remove, 
this is not due to its low concentration 
but rather to the particle sizes involved. 
The size of the individual particles of 
a radioactive dust suspension in the 
concentration 
1,000 ft? is in most cases submicron in 
11). These 
pose a difficult 
the 
removal equipment depends upon the 


range of one grain per 
diameter (10, submicron 
particles separation 
problem, because efficiency of 
size and weight of the dust particles 
the equipment handles. 

No work has been directed at cor- 
relating the particle-size range and cor- 
responding concentration of dusts and 
fumes. It nevertheless seems feasible 
to expect that dust formed from natural 
chemical processes (as opposed to dust 
formed from controlled test dust gen- 
erating equipment) would have a lower 
average particle size at low concentra- 
tions, the lower concentrations having 
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been reached by virtue of the settling 
out of the larger particles. This has its 
importance in the fact that in dealing 
with problems of high concentrations of 
radioactive dust (or any dust for that 
matter), one can venture the opinion be- 
fore actual measurement that the major 
portion of the dust is of a particle diam- 
eter above one micron, and that the 
fraction of the submicron dust present 
will probably be not much more than 1 
to 10 grains/1,000 ft®. 
tion, once verified, would be of invalua- 


Such a correla- 


ble aid in determining the type and 
combinations of equipment necessary to 
handle the high-concentration problems 
connected with radioactivity. 


Permissible Outlet Concentrations 

In spite of the extremely low concen- 
trations and small particle sizes involved 
in a radioactive dust suspension, the 
amount of radioactivity present is very 
large, considered in terms of allowable 
concentrations for inhalation by a 
human without effect. Conse- 
quently, the quantity to be removed 
before the dust-bearing gas can be 
released to the atmosphere is quite 
substantial. 

Many installations require removal 
of as much as all but one part in a mil- 
lion, and several require as much as one 
part in a billion (10). None of the 
present installations are achieving any- 
where near this, operating normally in 
the range of one part in ten to one part 
in a hundred (based on weight of dust); 
some few installations achieve one part 
in a thousand (1/0). Final dilution 
down to the desired outlet concentra- 


toxic 


ticn supplements removal in meeting 
requirements. 

All factors considered, the ultimate 
the separation equip- 
ment is to remove enough dust from 
the carrier that the remaining con- 
centration of dust is satisfactory for 
the air. The permissible 
concentrations of outlet gases are gov- 
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erned by three important factors: 
inhalation tolerance values, per cent of 
dust containing radioactive elements, 
and half-life of the dust. In addition, 
two other factors enter into the picture: 
settling characteristics of the dust, and 
the dust retention characteristics of the 
human lung. 

Inhalation tolerance values. The 
values that have been set up as a maxi- 
mum concentration of dust which can 
be inhaled by a human for life without 
ill effect are the values which should, 
theoretically, be the maximum con- 
centrations emitted by the dust sepa- 
These values vary for every 

radioactive (11). 
Thus far it has not been possible to 
achieve these values by direct removal, 
but only with subsequent dilution into 
the atmosphere or by forced dilution. 
This is taken up in further detail under 
“Stack Dilution”’ (page 45). 

Half-life of dust. Inhalation toler- 
ance values are governed by the half-life 
of the radioactive material being 
emitted; the materials with short half- 
lives have higher tolerance values since 
their activity rapidly dissipates. 

But in addition to its effect on the 
tolerance values set, the half-life of 
the material may play another role in the 
selection of tolerance limits. If the 
material js of relatively short half-life, 
it may only be necessary to dilute the 
dust-laden gas stream with air; the 
settling of the material from the air 
allows sufficient time for the radioactiv- 
ity to dissipate. This would obviate 
the necessity of removing the material 
completely from the gas stream. Thus 
short half-life material may be handled 
in a much more simple and efficient 
manner than those materials with long 
half-lives. 

Radioactive portion of dust. An- 
other important factor in determining 
the permissible outlet concentration is 
the determination of the quantity of 
dust being handled which is actually 
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possible substance 


radioactive. A dust loading of one 
grain per thousand cubic feet may con- 
tain from 1% to 100% radioactive com- 
ponents. It is natural to expect a 
great proportion of the dust handled to 
be inert, having entered with the original 
incoming air as a normal atmospheric 
dust load. Thus, the outlet concentra- 
tion which must be attained will vary 
with the actual per cent radioactivity 
contained in the dust. 


Settling characteristics. Dilution 


techniques have the disadvantage that 
the dust can settle out of the air and 
concentrate around the countryside, or 
can affix themselves to larger particles 
such as raindrops, etc., and thus be 


carried down. Depending upon the 
size of the particles which are released 
to the atmosphere in a given area, the 
outlet concentrations may have to be 
governed by the rate of buildup of these 
particles in the surrounding countryside 
rather than by air-borne tolerance con- 
centrations. It is to be expected, how- 
ever, that settling in significant quanti- 
ties in the immediate area of emission 
would only occur for particles over one 
micron in diameter, and not for sub- 
micron particles exhibiting constant dif- 
fusion through Brownian motion (12). 
While absolute removal is most desir- 
able, practical considerations may allow 
dilution techniques to be applied more 
economically to submicron particles, 
and at the same time may satisfy the 
tolerance requirements. 

Dust retained by lung. Another 
factor which may ease the stringent 
outlet requirements is the probability of 
a particle being retained by the lung if 
actually taken into it (11, 13, 14). On 
the assumption that a particle escaping 
all the devices designed to capture it 
initially has little more chance to be 
captured by the lung, concentrations 
above tolerance values may not be 
dangerous. Again, the safest procedure 
is to assume that any particle reaching 
the lung will be retained, but if such 
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assumption can be shown not necessary, 
the outlet concentrations of radioactive 
dust can be greater. 


Properties of the Carrier 
The selection of a method of handling 
and removing radioactive dust hinges 
considerably upon the thermodynamic 
the 
The thermody- 


and chemical 


which carry the dust. 


properties ol gases 
namic properties are important because: 

1. Where the equipment chosen is to 
employ condensation techniques for 
particle enlargement, the initial thermo- 
dynamic conditions must be satisfactory 

2. The disposal of hot, humid gases to 
the atmosphere must be avoided to pre- 
the 


taking place in the atmosphere, causing 


vent possibility of condensation 
a raincloud of droplets formed around 
radioactive particles to descend upon 
the nearby area. 

3. Certain types of separation equip- 
ment are not applicable to streams of 
heat but 
rapidly plug, corrode, or deteriorate. 


high and humidity content, 
The chemical properties of the carrier 
are important because: 
1. Should the gases contain corrosive 
components, special precautions against 
the 


would have to be taken, and certain 


such corrosion within equipment 
types of equipment could not be used. 

2. The choice of separation equip- 
ment may be made on the basis of in- 
corporating into the separation equip- 
ment certain chemical reactions, such as 
absorption or exchange, to remove 
objectionable gaseous components. 

3. Precautions taken in 


handling carriers which may be or may 


must be 


become explosive in nature Propet 
given to the 


that an 


consideration must be 


separation equipment to see 


explosion is not possible 


Equipment Design Factors 
A more thorough treatment of design 
considerations and practical problems 
is incorporated into the main body of 


42 


Outlined 
factors. 


the survey of equipment. 
the important 
In particular, the two most controversial 
the 


the efficiency of removal, and the dis- 


here are more 


considerations determination of 


position of collected dust—are discussed. 
Efficiency of removal. 
been brought out that the ultimate ob- 


It has already 


jective of the dust separation equipment 
is to achieve a certain outlet specifica- 
tion with regard to the concentration of 
dust emitted. However, most data on 


the performance of dust separation 
equipment is not reported in terms of 
outlet concentration alone, but rather 
in terms of the ratio of concentrations of 
While this has certain 


specific advantages, it also has some very 


inlet and outlet 


notable disadvantages which should be 
pointed out. 

ifficiency of removal is that per cent 
of the dust initially entering the separa- 
tion equipment which is removed from 
the When 
terms of the weight of the dust, this is a 


inert carrier. measured in 


efficiency; when measured in 
the 


this is 


weight 
number of particles 


called 


terms of 
removed, mechanical 
efficiency. 

Another term often employed is the 
per cent penetration, which is simply 
the per cent of dust which escapes the 
dust separation equipment, rather than 
that which is removed by equipment. 
This can also be expressed in terms of 
parts per million which either remain or 
are removed. 

Still another term employed is the 
probability of removal. This is used to 
the that a 
single particle has of being removed in 


describe statistical chance 

100 passes through the equipment. 
Almost every type of dust separation 

a probability- 


equipment operates on 


of-removal principle. A particle enter- 
ing the equipment has a certain chance 
of being removed, this chance being 
dependent almost solely on its relative 


Size 


Where the dust being evaluated 


has particles all of the same size, 1Le., 
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monodispersed, the weight efficiency, 
mechanical efficiency, and probability 
factors are all numerically equivalent 
thus of equal significance. But 
where the dust being evaluated is 
polydispersed and exhibits a definite 
over-all 
mechanical efficiency will be quite dif- 


and 


range of particle sizes, the 
ferent from the over-all weight efficiency. 

For example, consider the situation 
diagrammed in where ‘‘essen- 
tially ”’ dust 
1.0-u diameter particles and 97% O.1-u 


particles. 


Fig. 3, 
submicron contains 3° 
If the separation equipment 
could remove 100° of the large particles 
and 50°) of the submicron particles, the 
mechanical efficiency would be 51.5%, 
and the 
98.4% 


weight efficiency would be 
But for completely submicron 
dust, the weight efficiency would drop 
to 509 The 


in this case gives a much truer picture 


mechanical efficiency 
of what one might expect when apply- 
ing this equipment. 

In the application of equipment to 
radioactive dust removal, it has been 
categorically found that equipment has 
Where 


necessary 


not met expected specifications. 


high efficiencies have been 
and have been sought by placing equip- 
ment in series, the second and succeed- 
handling 
100°; 


previous tests 


ing stages have not been 


‘“essentially’’ submicron, but 


submicron dusts, and 


hased on weight efficiencies have not 
held up. 
Most 


made on the basis of weight efficiency 


equipment evaluations are 
because it is the most practical method 
of measurement and often the only way 
The 


data reported in this article are given in 


to measure the dust removed 
terms of weight efficiencies because of 
the lack of a reliable method of obtain- 
This should 


be borne in mind when interpreting the 


ing mechanical efficiencies. 


numerical data. 

Disposition of collected dust. An 
important factor is subsequent disposi- 
tion of radioactive dust alter its removal 
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FIG. 3. Misleading results can be given 


by weight efficiency 


This dust ulti- 
mately has to be placed in a safe dis- 
The removal of the dust 
advances the 
problem from one of gas disposal to one 


from the gas stream. 


posal area. 
from the gas stream 
of liquid or solid waste disposal, the 
latter usually 
volume as compared to the original gas. 


representing a small 
Liquid collectors have the advantage 


of continuous removal and ease of 


transporting liquid streams, whereas 
solid-bed filters must be designed for 
easy and remotely-handled replacement 
of the filtering medium. Most of the 
presently available equipment is not 
designed for judicious disposal of the 
secondary carrier, and many types in 
use do not dispose of the dust at all, but 
maintain the dust within the equipment 
permanently. 
piece of 


The choice of a proper 
will 
depend a great deal on the ability and 
ease with which the secondary carrier 


separation equipment 


can be removed and properly disposed. 

Pressure drop. 
collectors is based upon trapping and 
impingement through centrifugation of 
the gases. 
equipment is usually the friction loss 


Operation of most 


The loss of pressure in the 


involved in speeding up the gases to 
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obtain this centrifugation. In filters, 


the pressure loss is in friction built up 
by passage of the gas through the small 
with subsequent 


interstices, coupled 


plugging losses from the collected dust. 


Allowable pressure drop is an eco- 


nomic consideration, and commercial 
equipment maintains an optimum with 
a very low drop. However, the high 
efficiencies necessary in radioactive dust 
removal require considerably higher 
pressure drops, economically justified 
by the absolute requirement that these 
This 


duces new problems in pressure-drop 


efficiencies be obtained. intro- 


tolerances and in special equipment 
necessary to achieve them. 

Equipment size. 
has been governed mainly by the allow- 
able linear velocity of the gases, which 
in turn is regulated by pressure-drop 
where 


Equipment size 


considerations and, in cases 
length of treatment is important, resi- 
dence time. However, the advanced 
application of atomic energy will most 
certainly require dust separation equip- 
ment which must primarily be small and 
compact. This will be especially true 
for mobile reactor installations, where 
size and weight are critical design fac- 
tors. Limitations will, therefore, be 
placed on the allowable size and weight, 
in spite of the operational limitations 
this will impose. In this realm, new 
developments will have to be made 
which can utilize small equipment still 
performing with high efficiency. 

Power consumption. Power 
sumption is interrelated with the pres- 
sure drop and desired efficiencies. 
Heretofore limited by economic require- 
ments, high power consumption is going 
to be a must if high efficiencies are de- 
Power can be put into the unit in 


con- 


sired. 
a number of ways; the manner in which 
this is done will determine whether or 
not high power consumption is feasible. 

Maintenance and reliability. Ability 
to maintain equipment is important in 


any operation. But here the problem 


a4 


of maintaining equipment is consider- 
ably hampered because the equipment 
becomes contaminated. 

In the choice of various types of dust- 
separation equipment, the ease with 
which the equipment can be decon- 
taminated often be- 
comes the primary factor. As will be 
shown in the surveys of equipment in 
use and contemplated for use, much of 
performs ex- 


and maintained 


the equipment which 


cellently in removing dust is not 
satisfactory because it cannot be de- 
contaminated or Natu- 


rally, those dust separators which need 


maintained. 


no attention or only occasional unit re- 
placement are much favored over other 
types which need periodic cleaning and 
decontamination. 

In a dust separator, reliability is a 
measure of how often the equipment 
needs attention and, more specifically, 
the kind of attention it will need. 
In addition to the problems associated 
with decontamination, there is the need 
for reliable performance to avoid break- 
downs while on stream. 

Standby and emergency operation. 
In many operations it will be neces- 
sary to have emergency provisions 
in case the dust separation equipment 
fails in operation. Immediate measures 
would have to be taken, such as shutting 
down the operation or by-passing the 
dust-laden gases into an alternate piece 
of standby equipment, the latter case 
being preferable. The choice of dust- 
separation equipment will, no doubt, be 
influenced by its application to such 
emergency procedures. It is even feas- 
ible to employ one type of equipment 
for normal handling of the dust and 
another when short-duration emergency 
conditions prevail. 

Another form of emergency condi- 
tion arises when unusual operation of 
the plant occurs. This may mean peak- 
load dust concentrations, accidents up 
the line which produce unusually high 
dust concentrations, or a change in the 
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conditions of the dust carrier. In such 
cases it might be necessary to by-pass 
the dust carrier into equipment which 
is designed to handle it only under these 
emergency conditions. 


EQUIPMENT NOW IN USE 

An evolutionary course has been fol- 
lowed in attacking the problem of re- 
moving contaminated dust from process 
waste gas streams. In the beginning, 
the wartime national emergency dic- 
tated that only emergency measures be 
taken. Since the first installations were 
small, gaseous disposition through tall 
stacks was considered satisfactory for 
their immediate needs. 

Probably the first real awareness of 
more serious conditions came when the 
instrument divisions began to complain 
that the background level around the 
areas was becoming so high that it was 
interfering with their measurements. 
As the atomic industry has grown, so 
has the dust problem; as the problem 
has grown, so has the concern to find an 
effective solution. The following para- 
graphs describe the equipment that has 
been developed to meet this problem 
that is in use at the present time. 


Stacks and Air Dilution 

The most common and simple tech- 
nique used to handle radioactive gas 
has been to reduce the concentration of 
the radioactivity by dilution into the 
atmosphere through a stack. Such a 
dilution is calculated to reduce the 
amount of radioactivity to a concentra- 
tion which has been arbitrarily set up as 
safe for inhalation by a human being 
without dangerous effect. Stack dilu- 
tion is often aided by injection of fresh 
air by a forced-draft fan at the base of 
the chimney and by artificially heating 
the gases to reduce their density and 
thus cause them to rise through the 
atmosphere. Stacks are used even 
where the gases have been passed 
through dust-removal equipment first. 
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However, stack dilution does not pre- 
vent the slow buildup of activity in the 
surrounding area by the settling of the 
particles, and does not take into ac- 
count the danger of changing atmos- 
pheric conditions such as temperature 
inversion, downdrafts, and certain wind 
directions which may temporarily de- 
posit large amounts of undiluted activ- 
ity in one spot. Ultimately, the stack 
only serves to spread the activity but 
does not eliminate or confine it. 

Stack dilution is more effective with 
the small particles which have negligible 
settling velocities and which behave 
much as gas molecules; but these repre- 
sent only a small portion of the radio- 
active concentration. It is also effee- 
tive for materials of short half-life where 
the only problem is to keep the concen- 
tration low until the radioactivity has 
dissipated. 

Where the gases contain radioactivity 
in gaseous form rather than in dust 
form, stack dilution effectively reduces 
the concentration. But here the radio- 
activity may be concentrated by vege- 
tation which preferentially absorbs the 
radioactive gas (14). 

There are other disadvantages of 
stack dilution. Stacks must be tall, 100 
feet or more, and even reach 500 feet. 
They are expensive, difficult to con- 
struct, and cannot be used in areas where 
they might create aeronautical hazards. 
Operation of entire installations is often 
subject to the weather conditions, espe- 
cially prevailing winds. Some instal- 
lations have to shut down when wind 
directions would carry the stack gases 
into populated areas. 

Without accompanying equipment 
which removes the contaminants from 
the gases, the use of stacks in them- 
selves is not a satisfactory solution. 


Filters 


The most successful and widely used 
technique for removing radioactive 
dust from gas streams to date has been 
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filtration. Filters, because of their ex- 
tremely fine interstices, both trap and 
the dust thus 


produce very high efficiencies of removal 


impinge particles and 


while employing a relatively low 


pressure drop. 

The types of filters employed can be 
divided into three classes: multiple-unit 
filters, deep-bed filters, and bag filters 

Multiple-unit filters. Multiple-unit 


filters made of paper matte or other 


fibrous material are designed for 


periodic removal and replacement 


They are widely used in laboratories 


where the chief gas handled is ventila- 
Their use has been en- 


back-log ol 


tion al 
couraged because of a 
engineering experience in other fields in 
their application and = incorporation 
into ventilation systems. 

The units can be judiciously placed 
throughout the laboratory in independ- 
installations. In 


ent, self-contained 


most cases the radioactivity handled is 
low enough that remote replacement is 
not required. A simple slip-in filter 
init is shown in Fig. 4 

Multiple-unit filters are also used in 
process installations. Again, their use 
is usually restricted to the ventilation 
ir employed. However, in process 
installations the radioactivity handled is 
high, and the units have to be designed 
for completely remote replacement 
This has 


sive engineering problem in designing 


resulted in quite an exten- 
for easily replaceable units 

Multiple-unit filters are designed to 
operate with a linear velocity of from 
5 to 10 ft/min. The over-all pressure 
drop varies as the plugging builds up, 
and the units are designed to operate 
with pressure drops varying from !9 to 
6 in. ol water 

efficiencies obtained on multiple-unit 
filters vary considerably with the par- 
ticular installations because of the 
variance in average particle sizes en- 
They 


OO OR 


are normally rated at 


standard test 


countered 


around with 
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Simple filter frame unit as used 
in air ducts 
in actual installations 


dusts, but vary 


from this figure to as low as 95% in 
The variance 
attributed 


some Cases 4, 80, 34 
from specifications can be 
either to the fact that 
dust handled is all in the range of 0.1 
the most difficult 
, or to the possibility of leaks in 


the radioactive 


to 0.3. uw particle size 
to filter 
the system. Performance data on 
filters using controlled radioactive test 
suspensions have shown a variance of 
from 99.98 to 98.0 by variance of the 
particle size from 0.8 to 0.08 uw average 
diameter (? 

The major disadvantage of multiple- 
unit filters is their relatively short life 
The life of a filter is governed by its rate 
of plugging; its life is ended when the 
pressure drop across the filter builds up 
to a point where it is no longer possible 
for the fans to pull the air through them 
at the 
mined, however, that the major portion 


desired rate It has been deter- 
of the dust causing the plugging of the 


filters comes in with the incoming 


ventilation air and is not radioactive. 
To reduce the inert load, prefilters are 
heing used on all incoming ventilation 
air; this serves to remove about 85% of 
the nonradioactive dust in installations 


The 


remotely-operated filters then remove 


which can be handled directly. 


only the radioactive portion of the load; 


this prolongs the useful life of these 


filters 
Paper-matte filters of the high-efh- 


ciency type cannot be used on wet, 


humid, or corrosive gases because the 
most effective in re- 


fibrous material 


moving dust is usually water absorbent. 
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FIG. 5. Elements of a deep-bed filter 


This absorption of water ruins their 
efficiency, reduces their strength to a 
point where they will rupture, and in- 
creases the pressure drop across them to 
Some 
rosive gases cause quick deterioration 


a point of inoperability. cor- 
and rupture. 

Another serious problem in the use of 
multiple-unit filters is their subsequent 
disposition after replacement. Having 
already been removed with difficulty 
by remote operation, these filters must 
then be collected and conveyed to a per- 
ground. Handling 
bulky fibrous material or papper matte 
In addi- 
compressed or 


manent disposal 
is a clumsy procedure at best. 


tion, they must be 
packed to reduce their bulk before being 
buried. 

One method of disposal is incinera- 
this serves to reduce the bulk by 


the amount 


tion 
which is combustible. 
However, the flue gases are found to 
contain most of the radioactivity, and 
this must be removed by another filter. 
Needless to say, a secondary loss in 
recovery occurs at this point, but the 
radioactivity is concentrated ultimately 
into a smaller bulk. 

Deep-bed filters. Deep-bed filters 
overcome many of the difficulties en- 
countered with paper-matte filters but 
their 
Deep-bed filters are designed to have a 
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introduce problems’ of own. 


much 
filters. 


longer life than paper-matte 
They are usually installed with 
the anticipation that when the unit does 
plugged, it is economically 
feasible to replace the entire unit. 
Thus, filters obviate the 
remote maintenance; in fact, it is one 


become 
deep-bed 


of the few installations which requires 
no maintenance at all, 

Deep-bed filters are made of such 
materials as crushed flint, sand, Fiber- 
glas, coke and similar fibrous or porous 
materials placed in layers as shown in 
Such filters will handle hot 
gases without deterioration, 


Fig. 5. 
corrosive 
although 
moisture is apt to cause a high pressure 
drop from its plugging effect. 

Deep-bed filters vary in thickness of 
from two to four feet, depending on the 
material used and the desired efficiency 
and tolerable pressure drop. 


excessive condensation of 


This does 
not include the supporting bed, anchor 
bed and diffusing blocks, which add up 
to another four feet in height. 
Performance data on sand-filter in- 
stallations show an average cleanup 
efficiency of 98 to 99% (17, 18). The 
dust varies from 4 to 0.1 yw in particle 
size, with a probable average of around 
O.8 pw. 
trolled test suspension show that paper- 
matte filters 99.98% weight 
efficiency by comparison. These tests 
have also shown that most of the dust 
is removed in the first foot of bed depth, 
and that beyond two feet of bed depth 
each additional foot removes only about 
50% of what comes through to it. 
Three major disadvantages of deep- 
bed filters are outstanding. First, to 
maintain a sufficient residence time and 


Comparative tests using a con- 


achieve 


not exceed operable pressure drops, a 


large cross-sectional area is needed, 
necessitating very large and cumber- 
some units. 

Second, the radioactivity is removed 
from the gas stream, but poses a second- 
ary disposal problem when the filter life 
is exhausted. The quantity of filter 
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medium employed is large and its han- 
dling when contaminated with radio- 
The 
deep-bed filter might permanently be 
left in place, but after the third or 
fourth installation*there would be no 
room left for the accompanying plant. 

Third, the useful life of the filter is 
calculated on the basis of predicted dust 
The life, 


ever, has been shorter than anticipated 


activity is a serious problem. 


concentration. actual how- 
in many cases: settling and compacting 
of the medium in the filters have pro- 
duced higher pressure drops; increase in 
dust concentration over that originally 
anticipated has resulted, and many 
more unforeseen events are as likely to 
take place. The high expense of instal- 
lation, together with an unpredictable 
useful life, has kept the deep-bed filter 
from being a completely satisfactory 
solution to the problem. 

Bag filters. Bag filters are employed 
where there are high concentrations of 
dust containing a very low amount of 
radioactivity. These units achieve an 
efficiency of removal of from 90 to 99% 
for submicron dust. For higher aver- 
age particle sizes, higher efficiencies are 
obtained. 

There have been no comparative tests 
made with the deep-bed and paper- 
matte filters, but from the experience 
in the general field of application, it 
is safe to assume that the bag ‘ilters are 
handling particles essentially above one 
micron, and that the bag filter cannot 
compete with the and 
deep-bed filters for efficiency on sub- 
micron particles. Bag-filter efficiency 
depends upon the buildup of a layer of 
dust as a filtering aid; for this reason it 
has its best performance on dusts of 


paper-matte 


high concentrations. 

The bag filters in use utilize a linear 
velocity of 5 to 30 ft/min, and an aver- 
age pressure drop of 1 to6in. Details 
of bag-filter construction can be found in 
the literature (2); they do not differ very 
much from commercial installations. 
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Electrostatic Precipitators 

Next to filters, the electrostatic pre- 
cipitator probably produces the highest 
efficiency of removal achieved in stand- 
Like 
the filter, the precipitator is necessarily 
large bulky. In addition, the 
electrostatic precipitator has a very high 


ard dust-separation equipment. 
and 


first cost. 

Application of the electrostatic pre- 
cipitator to removal of radioactive dusts 
has been made, but has not proved to 
be very satisfactory for general use. 
efficiencies obtained using test-suspen- 
sion generators simulating radioactive 
dusts have shown a Cottrell precipitator 
to be 99.99% efficient (17). This was 
the same type of dust which 
efficiencies of 99% to deep-bed filters 
99.99% to paper-matte filters. 
However, actually tested on 
radioactive dusts, considerable arcing 
was experienced in the precipitator, 
rendering it This may 
possibly be ascribed to the ionization of 


gave 


and 
when 


ineffective. 


the gas stream by the radioactive dis- 
charge of the particles. 

The chief advantages in 
ing an electrostatic precipitator to 
remove radioactive dusts would be a 
high efficiency of removal coupled with 
a very low pressure drop across the unit. 
precipitator would 


employ- 


In addition, the 
provide a means for continuous removal 
of the dust by use of a water wash on 
the plates. 

But there are several disadvantages. 
It has been shown (19) that the effi- 
ciency of collection is very much de- 
pendent upon such factors as tempera- 
ture and humidity of the dust-bearing 
gas, size and type of dust—especially 
with regard to its electrical resistivity — 
and composition of the gas stream 
itself. 
are changing in a process gas stream, 
precipitator 
Ap- 


Where conditions such as these 


the performance of the 


becomes almost unpredictable. 


plication of engineering design based on 
data taken under one set of circum- 
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stances cannot be made for another set 
Reliability in perform- 
ance is so important in this type of 
that it necessary 
to limit the electrostatic precipitator to 


of conditions. 


operation becomes 
applications where conditions are bound 
to remain steady. 

An installation such as the precipita- 
maintenance and 
breakdown. This neces- 


tor needs periodic 
from 
means a thorough cleaning or 
decontamination before workmen can 
enter the chambers. Because of the 
intricate plate layout which provides 
many corners, crevices and pockets, the 
job of decontamination becomes very 
difficult. It has been suggested that 
a precipitator be constructed so that the 
plates will be self-contained units which 
and dis- 
carded, thus eliminating decontamina- 
The cost of these chambers is not 
particularly high in comparison to the 
total cost of the initial installation, and 
have 


repair 


sarily 


can be remotely removed 


tion. 


a few precipitator companies 


advanced preliminary designs. 


Cyclone Separators 

Cyclone separators have very limited 
application to removal of radioactive 
dust. Cyclones are effective only on 
particles of 10 uw or over, and efficiencies 
higher than 50 or 60% can only be 
achieved with particles > 40 w (19). 

There are some conditions where the 
cyclone separators can be employed. 
Its primary use has been as a prefilter 





Alain filter handles 
radioactive submicron dust 


ogements removed 











FIG. 6. Cyclone separator used as pre- 


filter to protect main filter 


Vol. 8, No. 4- April, 1951 


in cases where very large particles such 
as rust, scale, fragments, and large 
amounts of material from an eruption 
or deterioration might come through the 
ventilation system. 

The prefilter, such as is shown in 
Fig. 6, serves to protect the main filter 
from excessive plugging or puncture, 
especially if the main filter is of the 
paper-matte type. But aside from 
scavenging the large particles, the effi- 
ciencies of cyclonic separators are not 
satisfactory for final cleanup of radio- 
active dusts. 


Summary of Equipment in Use 

The preceding survey covers the vari- 
ous types of separation equipment 
which have found immediate and useful 
application to the problem of removing 
radioactive dusts. Notably, four ma- 
jor shortcomings of the equipment 
presently in use are in evidence: 

1. The over-all picture shows that 
high efficiencies are being obtained 
with present installations only by 


providing either large equipment or 


large pressure drops. The present 
allowable linear velocities of gas passing 
through the installations are from 5 to 
10 ft/min. Thus, for waste process 
streams of 50,000 ft*/min, the unit must 
reach the proportions of 70 ft on a side 
or more; actually they reach 100 ft. 
To cut down equipment size at the 
expense of pressure drop, it would be 
necessary to use powerful fans or even 
air pumps, introducing increased main- 
tenance problems. Where the effi- 
ciency depended upon residence time, 
even this could not be done. 

2. The present equipment is not 
adaptable to mobile or compact units. 
Because of its comparative size and 
weight, none of the presently available 
equipment can be made portable or 
small. 

3. The present installations have 
reached their practical limits of_effi- 
ciency unless provided with supple- 
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The 
not achieving the efficiencies ultimately 
the field. 

one part in ten to 


mentary equipment units are 


desired in temoval of all 
hut one part in a 
thousand is being currently achieved 
some installations ultimately require re- 
moval of all but one part in a million, 
and even less. The low concentration 
is being obtained by stack dilution, but 

To 
add units in series for achieving higher 
he- 


this is not a satisfactory solution 


efficiencies is entirely impractical 


cause it only accentuates the problems 
associated with size and pressure drop. 
al- 


lowed to accumulate without continuous 


4. The separated dust must be 


removal to a more logical disposition, 
even to the extent that in some instal- 
lations the dust is permanently lodged. 
Besides the 


radioactivity in 


concentrated 
the 
quent secondary handling is a difficult, 


danger of 


one spot, subse- 


hazardous project, and not a sound 


engineering solution to the problem 
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“The direct cost of the radiation protection work of health physicists 
takes between $3 and $4 of every $100 spent for operations in the pro- 


gram. 


In such a comparatively simple task as laundering con- 


taminated work clothes, the costs may be half again as much as for 


ordinary laundering.’’ 


Edward a. Kehoe. U.8. AEC 
Chicago, IIl., Nov. 16, 1950 
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A Survey Meter for Soft Betas in Air 


Radioactive gas in the atmosphere may be a hazard if al- 


lowed to exceed tolerance values. 


Measuring the discharge 


rate of an air-sample ionization chamber simplifies monitoring 
and is the only practical method of monitoring tritium gas 


By SEYMOUR BLOCK 


Health Physics Division, Brookhaven National Laboratory 
Upton, New York 


atmospheric contamina- 
beta 
difficult if the activity is in the gaseous 


\IONITORING 


tion for low-energy emitters 1s 


state. There are two instruments gen- 
used for assaying this type of 
G-M counter and the 
chamber. The method de- 


scribed here involves introducing the 


erally 
activity, the 
ionization 
radioactive sample into an ionization 
chamber and noting the time of travel 
of the fiber of an electrometer across its 
scale. This method is highly efficient 
for detecting soft beta particles; the 
average range of the betas is small com- 
pared to the dimensions of the chamber, 
and a large fraction of the mean energy 
can be expended in producing ion pairs 
in the chamber. . 

For routine use in survey work, the 
instrument should satisfy the following 
major criteria: 

Sensitivity. 
centration of C'™Os. is in the order of 


Since the tolerance con- 
10°-* we em, the response to this activ- 
ity level is expected to be reasonably 
last 
Portability. 
be portable and easy to manipulate. 
Stability. Diurnal changes in rela- 
tive humidity and temperature should 
not affect the leakage current of the 
ionization chamber to any significant 


The instrument should 


carried out under the auspices of 
Atomic Energy Commission 
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degree. However, a means should be 
provided for filtering and drying the air 
before it enters the chamber. 
Simplicity of operation. 
ment should operate with a seale and 


calibration curve which will give a di- 


The instru- 


rect reading of specific activity level 
measured in we, em 

Ruggedness. It 
ciently rugged to withstand normal op- 


should be suffi- 

eration and usage as a survey meter. 
The apparatus designed to meet these 

criteria consists of an ionization cham- 





Polystyrene insulator 
Contact fo - 
electrometer 
Vocuum- 
gage 
Orying and 
filtering 
cortridge 


Port valve 


Flare fitting 


Housing for } 
electrode contact -----+ 


Bokelite central -------¥ 
electrode 


Bross cover----~ 











FIG. 1. Ionization chamber 








ber (Fig. 1) and a quartz-fiber elec- 
trometer (Victoreen Minometer) with a 
scale of 20 divisions. Inasmuch as the 
ion chamber is made of Lucite, it was 
coated with Aquadag (colloidal graph- 
ite) to make it conducting. The brass 
cover was also coated to reduce the ef- 
fect of alpha contamination. 

The capacitance of the chamber is 
9 107! farads and the volume ap- 
proximately 7,750 The 
trometer has a capacitance of 5 


elec- 
107! 
farads, and a charging voltage of 150 
volts. 


em, 


The voltage sensitivity is ap- 


proximately 40 volts for full-scale 


deflection. 


Operation of Instrument 

The ionization chamber is evacuated 
and carried to the area to be monitored. 
The port is opened and the sample 
enters the chamber through a cartridge 
filled with a desiccant and glass wool. 
The with which it the 
chamber is controlled by the port valve 


rate enters 
which is shown in Fig. 1. 

If the air is admitted at a slow rate, 
the filtering and drying action will be 
This is important 
moisture in the chamber will produce 
high insulation leakage. 

The chamber is inserted in the elec- 


enhanced. since 


trometer and charged to the zero posi- 


Scoie Divisions 


7] A~ Background | 
5) 8 -C*O, + Bockground | 
a (16 810" po/em>) 

3 

2 


(1.3a10* yo/em4) 


| 
jy C-C'*0,* Beckground | 
fs 
2 


O1234567890N 2345 6 7 81920 
Time(hours) 

Discharge characteristics of 
chamber 


FIG. 32. 
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A measure of the 
rate of drift is taken, and the scale di- 


tion on the scale. 


visions traversed in a selected time in- 
terval is converted to ue /em?. 


Calibration of Background 
A voltage calibration was made with 
The curve 
was linear with approximately 2 volts 


an electrostatic voltmeter. 
division. The electrical leakage was 
negligible for intervals up to one hour. 

The ionization chamber was charged 
to 150 volts and then allowed to dis- 
charge under natural background con- 
ditions. A 
versus time was plotted (Fig. 2, curve 
A). The good linearity obtained indi- 


curve of scale divisions 


cated that saturation voltage was main- 
tained over the full range of the scale. 
The charge q lost by the ion chamber 
after ¢ minutes is given by 
q= (V-—V’)\(C, + C. 

where V = electrometer charging volt- 
V’ = final voltage read on the 
and C, 
electrometer 


age, 
electrometer, + C, = capaci- 


tance of and ionization 
chamber. iThe 


would be J = q/60t amperes. 


corresponding current 


The background current produced by 
cosmic rays and local gamma radiation 
gave a deflection of about 0.9 divisions 
hr. Calibration with a radium stand- 
ard showed this to be equal to about 
0.01 mr/hr. The current, 
based on this discharge rate, was cal- 


value of 


culated as 6.95 10-'® amperes. 


Characteristics with C'‘O, 

The discharge rate of the chamber 
when filled with radioactive gas was also 
studied. The chamber was filled with 
a known amount of C' by reacting con- 
centrated H.SO, with a BaC*O, source. 

A total of 45.4 mg of BaCO; (0.228 
millimoles of earbon) was weighed 
on a platinum foil. The specific 
activity of the source was equal to 61 
disintegrations /min/mg. 

The source, mounted on the platinum, 
was placed in the reaction chamber 
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FIG. 3. Apparatus for filling chamber 


with CO, 


shown in Fig. 3. The ‘“‘spoon” end of 
stopcock A was filled with H.SO, and 
The system 
was evacuated and then the line to the 
vacuum pump was clamped. 

By turning stopcock A 180 degrees, 
the acid was poured upon the BaC'O,, 
Stopcock B 
was then adjusted to admit air slowly, 
thereby flushing the CO, into the 
chamber. When atmospheric condi- 
tions were reached, the port valve was 


carefully set in position. 


and CO. was evolved. 


closed. 

The chamber was then 
charged and a calibration curve plotted 
as shown by curve B in Fig. 2. The 
discharge rate due to the activity was 
about 1.5 times the background rate. 
Since the factor for detecting 
atmospheric contamination on a toler- 
ance scale is important, one hour is 
considered the maximum time for any 
single observation. This would set the 
lower limit of sensitivity to about 1.0 X 
10-7 ue/em’, which is a factor of 10 
lower than our plant operating limit 
for C'*, The activity was pumped out 
and the prevailing background condi- 
tions were restored. 

The current, as calculated from the 
data obtained, was found to be 1.05 X 
10-'* amperes. Using an average en- 
ergy of 50 kev with an average of 
32.5 ev expended to form one ion pair in 
air, 7.1 X 10* ion pairs per second are 
produced in the chamber from this iso- 
tope. Assuming no recombination of 
ions, and neglecting wall effects, this 
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ionization 


time 


would produce a current of 1.14 xX 107"* 
amps. This figure is about 10% higher 
than that which had been obtained 
experimentally. 

To check the chamber characteristics 
with a larger source, a sample of CO, 
equivalent to 22,600 disintegrations/ 
min was introduced in the chamber. 
The current was 
calculated to be 8.4 < 107 amperes. 
This would also be about 10% lower 
than the theoretical current found by 
‘alculation. The wall effect would 
probably contribute the maximum 
source of deviation from these theo- 
retical values. 

A comparison of curves for the various 
discharge rates of the chamber is given 
in Fig. 2. A slight departure from 
linearity was observed for curve C after 
about half-scale deflection. 


observed chamber 


Calibration Nomograph 


Based on the preceding experimental 
data and the proportional relation be- 
tween rate of discharge and specific 
activity, a nomograph was made for use 
in determining specific activity. This 
nomograph, shown in Fig. 4, is used in 
the following manner. Observe the 
time of travel of the fiber over a certain 
amount of scale divisions. Subtract 
the deflection caused by background in 
this time. This will give corrected scale 
divisions. Connect the time and cor- 
rected scale divisions on Fig. 4 with a 


visions 


sesssss 


2 


Time(minutes) 


- ven 


— — +20 
FIG. 4. Calibration nomograph forC'O; 











straight line. The point of intersection 


vith the middle seale will be the value of 


sper ifie activity of the sample measured 


in units of we em? 
It is assumed that the data for C'* can 


and H 


the rate of discharge of the chamber is 


bye extrapolated for S** since 


proportional to the ionization current 
The 


maximum permissible air concentration 


produced by the activity in it 


for these Isotopes has heen established 
is 1.0 * 10°° pe/em’. For 8*, about 


limit of sensitivity is 


the same lower 
obtained However, since tritium has 
un average energy of about 5 kev, the 
maximum detectable quantity will be in 
the order of the tolerance concentration 
\ separate calibration curve would be 


re quire d for this isotope 


Laboratory and Field Applications 
Phe instrument has been successfully 
ised in several monitoring Operations, 


» 


nated with tritium gas, was found bleed- 


mass spectrometer, contami- 
ng activity from its sampling effluent 
Although the 


activity 


nto the laboratory 


nstrument indicated a high 


evel, the dilution factor of laboratory 
ir was sufficient to eliminate the hazard 
ol the escaping gas. 

2. A cyclotron target of 
was checked for tritium emana- 


Zirconium 


trit 
T ick 


tion It was found to be a potential 
} i ard 
3. A leak 


radium needles was suspected 


serious radon Irom some 
\ sam- 
ple of air was introduced into the cham- 
ber through rubber tubing lowered into 
in underground vault where the sources 


kept The 


suffimient to cause the 


were contamination Was 
Instrument to 
read off scale a few seconds after the 
introduction of the sample. 

4. A poorly hood, 
had been used for C40 experiments, 
was monitored to see if any activity was 


Fortu- 


operating which 


escaping into the laboratory 


nately, negative results were obtained 


in this test 
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During the tritium it was 


learned that elimination of the drying 


surveys 


cartridge was necessary, since an ap- 
preciable quantity of the activity was 
adsorbing to the desiccant. In using 
this 


isotope, it is advisable to adjust the 


the instrument for detection of 


port valve of the chamber so that the 
filling time is at least 10 minutes 
Tritium will cause a high residual 
eontamination because of wall adsorp- 
tion However, experience has shown 
that pumping out the chamber air for a 
period of 12 to 15 hours will reduce the 
contamination toa negligible value (not 
than a 10% back- 
This pre- 


avoided if the 


more increase In 


ground operation could 


sumably be chambers 


were lined with a strippable material 


over which the Aquadag was applied. 
Thus when the coating became contami- 
nated it could be stripped off and a new 


one applied 


Conclusion 
This type of instrument shows good 
potentialities for use as a survey meter 
gaseous atmospheric 
The 


about 


ior monitoring 
lower limit of 
10% of 
A tolerance con- 


contamination 
sensitivity is plant 
tolerance for C40 
centration of tritium can be detected. 
The instrument is free from memory 
effects insofar as C'* is concerned, but 
H*® ray cause a slight rise in background 
unless a strippable coating is used on the 
inside of the chamber 

There is no limitation as far as iso- 
air-borne 
The 


for detection and estimation 


topes are concerned Any 


contamination can be monitored. 
efficiency 
of levels of contamination would largely 
depend on the type, energy and disinte- 
gration rate of the particular emitter 
which is used 

* 7 * 

I should like to express my appreciation 
advice and helpful suggestions of 
Dr. F. P. Cowan, and my thanks to Dr. W. 
i Viller j 
of BaC*O 


al 
fo the 


for use of his calibrated sources 
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Nomogram for Calculating Shielding for Co 


60 


The cascade decay of cobalt-60 complicates shielding calcu- 


lations for this y-emitter. 


A nomogram for use with a point 


source eliminates mathematical analysis in individual problems 


By GEORGE A. BENNETT 


Hot Laboratory Operations Group, Brookhaven National Laboratory 
Upton, New York 


BECAUSE OF its ready availability and 
satisfactory half-life (5.3 years), Co® is 
one of the most widely used sources of 
high-energy experimental 
work in both the physical and biological 
long calcula- 
tions are re quired to determine shielding 


Y-rays for 


sciences Since rather 
thickness, a useful tool is a nomogram, 
specifically constructed for this isotope 
and simplified to the point where it can 
Such 


a nomogram is given on pages 56-57. 


be used with no side calculations. 


Construction of Nomogram 
In the solution of any shielding prob- 
energy of the 
primar,’ radiation, distance from source 


lem, source strength, 
to receptor, allowable dosage rates at the 
receptor, thickness of the shield, and 
tvpe of shield must be considered. G. 
W. Morgan (1 


dure that was followed to do this. 


has outlined the proce- 
Two 
well-known laws were applied: 

Inverse square law. Radiation in- 
tensity decreases as the square of the 
distance from the source. 

Exponential law. Radiation 
sity decreases exponentially with the 
thickness of the 
which depends on the type of absorber. 


inten- 


absorber at a rate 


Since Co® undergoes a cascade-type 
emission of 1.33-Mev y-rays to 
an intermediate level, followed by emis- 
sion of 1.17-Mev y-rays to give stable 
Ni®), the energy of the primary radia- 
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decay 


tion has two independent values, namely 
1.33 and 1.17 Mev. The contribution 
of each of these radiations to the total 
dosage was carefully evaluated. Aver- 
age values, selected to give dosage 
rates no greater than the allowable 
tolerance under the varied conditions 
which may be encountered in practice, 
were incorporated into the final nomo- 
gram. Similarly, allowance was made 
for scattering of the primary y-rays, an 
effect which increases the effective dos- 
age rate considerably. 

The nomogram con- 
structed by up the proper 
determinants and following other stand- 
All constants used, 


actual was 


setting 


ard procedures (2). 
including absorption coefficients, were 
taken from reference 1. Scattering 
corrections for the shielding materials 
are the same as those used by Balder- 
ston et al. (3). 


Use of Nomogram 
Solution of any problem involves plac- 
ing a straightedge across three scales on 
the nomogram which are headed by the 
for example, the 
Furthermore, for 


same capital letter; 
A,, Azand A;scales. 
determining shielding thickness, the 
subscripts are so that the 
straightedge is placed between known 
values on scales with subscripts / and 2 


located 


with the result being read on a scale 
A sample problem, 
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with subscript 3. 
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Figures in porentheses 

Gre total dosage rotes 
C, at receptor in mr/hr through 
+ H,0 (0.625) given shielding moterial 


| 

A 

| 

| 
— 


~ 


_ 
° 


th HeO (1) 


TT Concrete (0.625) 
ae 


ys + Fe (0.625) 
oe Concrete (!) 
Pb (0.625) 
> b~ Fe (1) 





> a 





\ 


t~ Pb(!) 





Allowable Tolerance 
Values 


Rail shipments - 200 mr/hr at 
surface and \Omr/hr at 
7m - Hp0 (10) 


Aw shipments -|5mr/hr at 
surface 


L- 60 = 


Biological- 6.25 mr/hr H,0 (15) 
r~ Fe (6 25) 





+ He (625) 


— 


[Pb (6.25) 
a H,0(25) 
t Fe(i0) 
t- Pb(10) 
i + Fe(iS) 
+ 40/50) 
r Pb(I5) 
a — Fe(25) 
— is 
L }— Pb( 25) 
b- 12 F- Hg0(100) 


— 


“ 


}— 
ad 
}— 
b— 
— 
b— 
r 
C 
b— 15 
1 
~~ 
- 
= 
i 
= i 
2 
1. 
= Ic 
me 
— 
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fan 
E 
a 
L 
b 
-- 
= 
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ee 
b 
bh 2 
—_ 
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TTITICTINT OTT TTT rrr try re dS 


oe - Fe (50) 


Shielding Thickness wr 
(inches) = 





r- Fe(100) 
ure for determining shielding thickness:  b1100) 


t rule on (A,) and (Az), read (A) _- 
peat similarly for (B,,BB3) and (C,,Co£ s) scales Fe (200) 
ad (Dz) by reading horizontally from (D, ) 

strength, distance or estimate of total dosage rate at 
or may be read on scales A, ,B, or Co after 
1g rule to known values on proper scoles 


F- Pb(200) 





Tolerance Values 
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ndicated on the nomogram by dotted 
ines illustrates this procedure 

Given a 10-cune sour 
thickness of 


d to reduce the intensity 


Problem. 
Co what concrete is re- 
quire to 0.625 
mit r (one-tenth biological tolerance 
it a distance of 3 ft? 

The 
tion of this problem 1s: 

1. Lay between the lower refer- 
point on scale A, and the 10-curr 
mark on scale A This rule 
the A;B,; seale at 1.16 & 10°. 

2. Connect the 
1.3 

; Read 8.9 * 10 

3. Connect the 

BoC, seale 


Solution. procedure for solu- 
i rule 
ence 
intersects 
above point on the 
with the 3-ft mark on scale 
on the ByC 


above 


scale 

scale. 

point on the 

with the ‘‘Conerete (0.625 

point on the C, scale and read 3.1 * 10* 

C.D, seale 

4. Read horizontally 

CD, scale to the D 
The 

) 


27.1 or 28 in. of concrete 


on the 
from the above 
pomt on the con- 


crete scale resulting answer is 


It is also possible to estimate 
scale B 


when any 


source 


strength (seale A.), distance 


or dosage rate scale C two 


variables and thickness and 


ol these 


type of shield are known 
Although total dosage 
C’.) and total shield thickness 

D are read directly, the 


1,8, 


inte intensities (scales 


rates at recep- 


inter- 
B,C 


) “are 


partial intensities only, 


~ the portion ol t} c total radiation 
1.335-Mey 


gives this partial un 


due to the 

ale Bol 
ded intensity in mr/hr at the dis- 
selected on seale B Seale C,D 


s to this same partial intensity cor- 


y-ravs 


ected for scattering ind for the cascade 
dec iv ol Co! 
Potal unshielded intensity 1 in. from 


1,B, by 


lowe r 


t he souree can be read on scale 
instead of the 
scale i] 


lowe I 


Ising the 


upper 


reference point on For all 


other calculations, the reterence 


pomt on se ile 1, must be used 
xX 10%” at the 


and &;C, signifies that if a 


The notation base of 


s A,B 


stre ngth does not 
scale A», the 


is used whose 
un the limits of 
problem can still be solved by reducing 
the source strength by factors of 10 until 


it falls on the seale. 


Then the resulting 
A;B, or BC, 


convenient is In- 


either seale 


reading on 
whichever 1s more 
creased by the same number of factors 
of ten, and the plotte d point is moved to 
coincide with the new figure. The 
probl m is then continued. 
Under “Allowable Tolerance Values,”’ 
the biological that 


established by the Tolerances 


listed is 
AEC. 
shipments are those 


Interstate 


tolerance 
for rail and air 


ified by the Commerce 


spe ( 
Commission 

Errors 

The 


shielding work is the degree to which the 


greatest uncertainty in any 
ittenuation of radiation actually follows 
the exponential law ixperimental 
work has shown that the exponential 
best 


law is at an approximation which 


decreases in accuracy with 


thickness. The 


scattering corrections or build-up fae- 


Increasing 
inclusion of 


tors is an attempt to reduce the 


error involved Furthermore, a certain 


amount of disagreement exists as to the 


values of the absorption coefficients; 


however, the order of magnitude of 


these values seems well established. 
very attempt was made to minimize 


the error caused by elimination of the 


trial-and-error solution normally re-. 


quired for cascade decay. kixtreme 


cal was also taken in drawing the 


the original copy was made 


nomogram; 


with 20-in. scales It is estimated 


that deviations caused by these last two 


sources of error do not exceed 5% 
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Estimating Radioelements in Exposed Individuals—Ill" 


BIOASSAY OPERATIONS and PROCEDURES 


Based on established practices at Argonne, this paper out- 
lines recommendations for administrative and analytical pro- 
cedures designed to safeguard personnel from overexposure 


By JACK SCHUBERT 


Argonne National Laboratory, Chicago, Illinois 


THE faced in establishing 


effective bioassay operations depend for 


PROBLEMS 


their solution on the establishment of 
procedures involving a variety of fac- 
For instance, contamination from 
external sources poses a major problem 
alpha 
This is be- 


tors. 


for a bioassay group where 


emitters are concerned. 
cause of the low maximum permissible 
exposure levels for alpha emitters. 

In general, for the results of bio- 
assay work to be reliable, four require- 
ments must be met: 

1. The bioassay laboratory should be 

isolated 
atmosphere, and fixtures as free as 


and have equipment, 
possible from contamination. 

Analytical 
capable of 


methods should be 
carrier-free 


from 


isolating 
amounts of a radioelement 
large amounts of urine and feces. 
The 


used 


alpha-counting instruments 
should 
background of 5 counts an hour 


50% 


have a maximum 


for a sample counted at 

efficiency. 

Strict regulations for collecting 
and handling specimens from per- 
sonnel should be put into effect. 

kixperience has shown that most urine 

samples found to contain greater than 


the permissible level for a given radio- 


element have been contaminated from 


external sources. Such sources may be 


the employee's the bioassay 
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person, 


laboratory itself, or perhaps the un- 
favorable conditions under which the 
employee collected the sample while at 
work. 


Laboratory Facilities 

The bioassay laboratory should be as 
isolated as possible from activity areas. 
A filtered air supply helps to minimize 
the atmospheric contamination. All 
radioactive materials exceeding about 
25 dpm (disintegrations per minute) 
should be kept out of the laboratory. 
Unknown samples that are suspected 
to have significant amounts of radio- 
activity should be screened by analyzing 
Workers in the 
bioassay laboratory should not enter 


in a separate area. 


any areas in which radioactivity may 


* Part I, which discussed radioelement metab- 
olism, was published in the February Nv- 
CLEONICS, pages 13-28; Part II, on the subject 
of radiation dosage and permissible levels, 
followed in the March Nucieonics, pages 66 
78. All three parts of this paper are published 
on the sole responsibility of the author. The 
recommendations offered do not represent the 
official views of any laboratory or division sup- 
ported by the U. 8. Atomic Energy Commission 

Figure and table numbering is continued from 
Part II 


ERRATA: In Part I of this series of arti- 
cles (NUCLEONICS, February, 1951), the 
sentence on page 23 (column 1) reading 
“This, indeed, has been observed following 
the injection of gallium citrate (37),” 
should be deleted together with reference 37 
on page 28. 
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Before entering the bio- 
assay laboratory, a complete change of 


be present. 


clothing is desirable. 

The hoods should be lined with acid- 
resistant material, and a special catch 
drain should be used to prevent con- 
densate from falling into the samples. 
Hoods should be 


cleaned periodically. The use of spe- 


and hood exhausts 


cial costly materials in hoods can be 
avoided by wet-ashing samples in con- 
tainers from which the acid fumes can 
be removed by means of a glass mani- 
fold connected to a water filter pump as 
in the Kjeldahl! procedures for nitrogen 
analysis. However, the entire setup is 
best contained withia a hood 

Glassware used inadvertently for 
samples that greatly exceed permissible 
levels must be discarded. 

The counting room should be 
At all times 


a& positive air pressure relative to the 


con- 


tiguous to the laboratory. 


laboratory must be maintained in the 
counting room. The temperature and 
humidity should be kept as constant as 
possible 

Several helpful hints on the design 
and construction of small radioactivity 
published re- 


have been 


cently (103, 104) 


laboratories 


Ashing of Samples 
In most cases, samples are wet-ashed 
by the sole use of concentrated nitric 
acid 


convemence 


This method offers safety and 


and minimizes contami- 


nation. Urines are ashed by adding 
100 cm* of concentrated HNO, to the 
urine sample contained in a beaker and 


taking the solution down to dryness on 


a hot plate. The residue is covered 
a fresh charge of HNO, (usually 
about 20 cm®) and is again taken to dry- 
The process is repeated until the 
ash is white. The ash dissolves nearly 
completely in dilute HNO;. The small 
amount of residue is routinely washed 
any retained 


with 


ness. 


with acid to remove 
activity 

Feces are wet-ashed by first drying 
the sample at 80°-100° C overnight, 
then heating in a muffle at 650°-675° C 
for an additional 24 hours. The residue 
is wet-ashed with concentrated HNOs, 
as described for urine. ‘“‘Vycor’’ beakers 
are used to contain fecal samples. 

Tissues, as exemplified by whole rat 
carcasses, have been successfully wet- 
ashed with concentrated HNO;. The 
careass is covered with HNO, and the 
mixture is taken to dryness and treated 
with fresh batches of HNO;. The 
final residue is dissolved in 6M HNO; 
and diluted to a volume of 1 or 2 liters. 
It is to avoid baking the 


residue. 


desirable 


Counting Techniques 

For most work, two types of counters 
are sufficient. alpha 
counter for counting thin (< 1 mg/cm?) 
samples at 50% geometry (and a back- 
ground of less than 5 counts per hour) 
and a thin 1-2 
window Geiger-Miiller counting tube. 


These are an 


mg/em? mica end- 

For counting gamma emitters, high- 
pressure ionization chambers are con- 
venient for determining activity in 
liquid samples at about 5-10 times the 
efficiency afforded by end mica-window 


tubs s. 





of the ‘‘bioassayer.”’ 





BIOASSAYER vs HEALTH PHYSICIST 


The duties associated with radiochemical analyses of excreta, blood, tissues, and 
other samples obtained from personnel exposed to radioelements are the concern 


Problems relating to personnel protection against exter- 
nal and internal radiation hazards are the responsibility of the “health physicist.”’ 
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For very soft beta emitters such as T 
and C', the relatively low permissible 
levels require that these isotopes usually 
be counted in the gaseous state, though 
windowless counters may have some 
limited application for routine screening 
of samples in the solid state. 

An excellent review of radioactivity 
instruments is given by Borkowski 
(105). A practical manual by Jaffey, 
Kohman, and Crawford (106), which 
describes alpha and beta counters, 
sample preperation, and counting sta- 
tistics, and a more advanced treatment 
of practical techniques and theoretical 
considerations involved in radioactivity 
measurements by Kohman (107) are 
recommended. 


Analytical Radiochemical Procedures 


In many cases, radioisotopes of low- 
level activity, for which radiochemical 
analyses are made, must be separated 
from large amounts of extraneous solids. 
For most of the individual fission prod- 
ucts, the methods developed on the 
Plutonium Project are very useful be- 
cause of their rapidity and effective- 
ness. The procedures are scheduled 
for publication in the Plutonium 
Project Record (108). 

It is possible to adapt most of these 
methods to biological samples with 
minor modifications and additions such 
asashing. A valuable discussion of the 
methodology, procedures, and general 
principles involved in radiochemical 
activity analysis has been reported by 
Hume (109) and Seaborg (110). 

Methods for concentrating radio- 
elements involve one or more of five 
principal procedures: 

Precipitation with carrier 
Ion exchange 
Volatilization 
Electrodeposition 

. Solvent extraction 

The following procedures either are 
in use or can be used for routine bio- 
assay operations. They are not in- 
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tended to be complete, but the number 
of details given are sufficient to pro- 
vide practical insight as to the nature 
of radiochemical analyses in general. 


Radium. Previously used procedures 
for evaluating body content of Ra*** 
consisted of measuring the radon con- 
tent of expired air (82). This method 
is time-consuming and requires special 
apparatus and techniques; hence it is 
not suitable for routine and repeated 
determinations on large numbers of 
individuals. 

Recently, a sensitive, accurate direct 
method for determining radium in urine 
was developed which more than meets 
the required sensitivity and accuracy 
(111). It was adopted from a pro- 
cedure devised by Ames, Sediet, Ander- 
son, and Kohman (1/2) for the rapid 
assay of radium in uranium-ore process 
solutions. The method consists of wet- 
ashing urine or tissues, dissolving the 
ash in dilute HNOs, and coprecipitating 
the radium with lead sulfate. The lead 
sulfate precipitate is then dissolved in 
HCl and the radium coprecipitated with 
afew milligrams of BaCl,. The radium- 
containing BaCl, precipitate is depos- 
ited on a platinum or glass disk, treated 
with H.SO, to yield a uniform adhering 
deposit, and counted in a proportional 
or parallel-plate alpha chamber. 

An ion-exchange step can be intro- 
duced to remove excessive amounts of 
interfering substances. Ail the alpha- 
emitting daughters of Ra?* are retained 
on the disk so that one can increase the 
sensitivity of the method by a factor of 4 
by counting the sample about 3 weeks 
after exposure. 

With the particular alpha counter 
employed, the total counter and blank 
background count is about 3-4 counts 
an hour. The permissible level for 
Ra?*** in urine, as given in Table 14 in 
Part II, amounts to 660 counts an hour. 

The urinary elimination rate in long- 
standing radium poisoning (>10 years) 
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This 


hour 


is about 0.00059 per day 


amounts to about 30 counts an 
when the fixed body radium is 0.1 yg, 
i value about 10 times background 
Since the method isolates all radium 
isotopes, it should be possible, by meas- 
uring the growth or decay of the sample, 
to estimate the amounts of Ra isotopes 
other than Ra*** which are present 
The 


tissues 


Plutonium. assay of Pu? in 


excreta and has been accom- 
plished by carrying the Pu from suitably 
treated solutions with a small amount 
of lanthanum chloride In the proce- 
dure published by Scott et al. (87), an 
ished HNO, solution of tissue or excreta 
is treated with hydroxylamine to reduce 
the Pu to oxidation 
Subsequently La(NO is added, fol- 
lowed by hydrofluoric acid The Lak 


precipitate is separated by centrifuga- 


lower states 


tion and the precipitate transferred to a 
After drying the 


cipitate, the dish containing the LaF, is 


platinum dish pre- 


fame d to remove residual organic mat- 
ter Each batch of La(NO 
checked for alpha contaminants, 


must be 
pre- 
sumably actinium. 

A detailed account of the collection, 
ishing, and analysis of human 
#4) and feces (113 
by workers engaged at the Los Alamos 


urine 
has been reported 
Scientific Laboratory. Their procedure 
involves the extraction of an ashed solu- 
tion containing cupferron solution (a 
plutonium cupferride complex is formed 
The CHC! 


are ashed, and the Pu isolated by carry- 


with chloroform phases 


ing with LaF; as described above 

\ critical experimental evaluation of 
the cupferron extraction procedure was 
re ported earlier from Los Alamos (114 


Both of 


analyzed by the 


and curium. 
elements are 


Americium 
these 
method of coprecipitation with LaFs, as 
described for plutonium. However, the 


reduction step with hydroxylamine 


is not necessary (S88, 115 
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Polonium. Methods of assay for 


this element utilize electrodeposition. 
It is deposited quantitatively from acid 
solution metals (such 


upon as silver, 


copper, or nickel) that are inserted in 
the liquid. In neutral 
marked colloidal 


116); hence dialysis has been used to 


media, Po 
pOssesses properties 
concentrate the element. 

The procedure used for the assay of 
Po from 


hiological materials at the 


University of Rochester was as follows 
}4): Solutions of wet-ashed samples are 
made up to 0.5N in H* 


HCl, and the polonium electro- 


neutralized, 
with 


deposits spontaneously on silver foils. 


Actinium. Several methods involvy- 


ing coprecipitation may be used to assay 
(117 The LaF 
described for Pu, Am, and Cm, is also 


actinium method as 


applicable. 
Ac??? is 
best sensitivity it is necessary to count 


a beta emitter, and for the 


the daughter alpha activities, which, 
neglecting branching activities, result 


from the following decay scheme: 


0.00183 s 


a 


> «, T 12° 7 stable 


2.16 m 1.76 m 


The isolated sample is allowed to age a 
sufficient number of days sO as to yield 
The 


present can be calcu- 


an appreciable alpha activity. 
Ac?? 
lated from the growth curve shown in 


The 


culating the growth is 


amount of 


Fig. 7 equation used for cal- 
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onverting 


on factor for 





24 32 40 48 56 64 72 
me,'t, elapsed in days 


FIG. 7. 
activity 


Growth curve of the alpha 
from a mounted sample of 
actinium-227 


1 is the ratio of the daughter 
alpha activities to the parent beta activ- 
ity of the Ac*?? chain, A, is the decay 
constant of Th**’, and Ag is the decay 
Ra??3, 
based on formulas given by Rutherford, 
Chadwick, and Ellis (p. 17 of ref. 118). 


W here 


constant of This equatien is 


Protactinium. <A procedure involv- 
ing the extraction of protactinium from 
6M HNO 
been described by Osborne, Thompson, 
and Van Winkle (119). 


ean be adapted to ashed solutions of 


by diisopropyl ketone has 
The procedure 
biological materials. 

A method for the isolation 


, Which by adding a few 
milligrams of carrier can be adapted for 


Thorium. 
of ionium, Th?*' 


use with biological materials, has been 
Hyde (120). Tonium is 
precipitated a number of time’ as the 


dest ribed by 


hydroxide, and an oxalate precipitation 
from 1N HNO;. Further pre- 
cipitation is accomplished by repeated 


made 


extraction with diethyl cellosolve from 
an aqueous solution 10N in\ NH,NO; 
and LV in HNQ;. 
moved from the diethyl cellosolve with 
distilled water. 


The carm#ier is re- 


Yttrium and rare earths. A method 
has been worked out for the radiochemi- 
cal analysis of rare earths from 1,500-ml] 
(121). It 
consists of coprecipitating rare earths 
and alkaline earth elements with cal- 
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volumes of human urine 


cium phosphate from an alkaline solu- 
tion, removal of the phosphoric acid 
by an ion-exchange column, and 
separation of the alkaline and rare 
earths from calcium and magnesium by 
precipitation. Recoveries for lantha- 
num and yttrium are quantitative and 
>90° for barium and strontium. 

An ion-exchange procedure for iso- 
lating Y (and other rare earths) from 
acidified urine found 
(122). The method consists of passing 
a liter of containing 
tracer yttrium through an adsorption 
resin, 


has been useful 


acidified urine 


column of a cation-exchange 
removing the extraneous calcium and 
other cations with 0.4.7 HCl, and sub- 
sequently eluting the adsorbed Y with a 
small 7M HCl. The 7M 
HC! solution is ashed and the residue 


volume of 
is ready for counting. 


Alkaline earths. The method given 
above (121) applies to alkaline earths as 
If necessary, the alkaline earths 
can be separated by the effective meth- 


well. 


ods given in the previously mentioned 


manual (708). An analysis has been 
developed for the estimation of radio- 
active Sr, and Ba from 3-liter volumes 


The method in- 


of river water (123). 
volves a precipitation of the carbonates 
from an evaporated water sample with 


sodium carbonate solution. The pre- 


cipitated carbonates are treated with 
80% nitric acid, which dissolves every- 
thing but strontium and barium ni- 
The 
water, 
precipitated for counting. 


nitrates dis- 


the 


trates. mixed are 


solved in and carbonates 


Tritium. 
routine tritium analysis is to decom- 
tritium with heated zine 
metal and collect the H.-T. mixture for 
counting (Fig. 16, p. 97, of ref. 124). 
Standard vacuum-line techniques are 
employed. L. 8. Myers, Jr., of the Ar- 
gonne National Laboratory has adopted 
the method described by Wilzbach for 
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A satisfactory method for 


pose water 
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PUNCH CARD 
PERSONNEL RECORDS FOR BIOASSAY WORK 


. 
wis 
ames 


~ P 


IS USED IN KEEPING 


With these cards and a needle device, informa- 
tion on groups of personnel can be quickly 
obtained without alphabetically or otherwise 


surveying every individual record. 


eececoesece 
jeeeeeee 





the routine analysis of tritium in 
urine. A 0.035-cm* sample of urine is 
reduced by zinc metal in vacuo at 
100° C. The resulting H.-T, mixture 
mixed with ethyl 


a 


alcohol vapor is 
wall Geiger- 
Miller tube. The efficiency of counting 
to be to 100%. The 


method is simple to operate in practice, 


contained in brass 


appears close 
and a single technician can run at least 
8 samples a day. 
level in a 0.035-cm’ urine sample is 
2,100 dpm and the counter background 
is about 80 dpm, it is apparent that the 
method is sufficiently sensitive. 
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Since the permissible 


Sulfur. In general, analyses for 
S* involve the oxidation of all sulfur- 
containing compounds to the sulfate ion 
and subsequent precipitation as barium 
or benzidine sulfate. A mica-end- 
window G-M tube is sufficient. Correc- 
tion for self-absorption in the precipitate 
must, of course, be made. Procedures 
satisfactory for biological materials are 
given by Dziewiatkowski (95), Maass 
et al. (125), and Henriques et al. (126). 


Carbon. To detect C' in excreta. it 
is necessary to count it in the gaseous 
phase because of the very low specific 
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activities constituting the permissible 
level. Even if one assumes that all the 
activity in a 24-hour urine sample is in 
the urea carbon, the problem still exists 
of determining 10‘ dpm of C™ from 6 
urea Obviously, with 
ordinary gaseous counting techniques 
it is not feasible to determine C expo- 
sure in humans on a routine basis the 
first few days after exposure, unless the 
maximum 


gm of carbon. 


exposure far exceeds the 
permissible level. 

The common procedure for deter- 
mining C'™ is to oxidize it to carbon 


dioxide, and to introduce it directly 
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into an ionization chamber (127) or 
G-M tubes (128). Information 
methods and results obtained 
are described in refs. 127 and 128. The 
book by Kamen (pp. 172-176 of ref. 
129) offers similar material. 


into 
on the 


Radioisotope mixtures. Once a mix- 
ture of known radioisotopes has been 
concentrated, it is possible to identify 
approximately the relative amounts 
of the major components by absorption 
(109) or by isolation of the 
individual isotopes. Some very 
factory separation procedures have been 
described (108). 

For both group separations and sepa- 
rations of closely related elements, 
such as those of the rare earth series and 
the transuranic elements, it is con- 
venient to set up ion-exchange columns. 
These columns can be used repeatedly 
and routinely for the isolation and 
concentration of individual activities. 
This is done by suitable calibration 
with known mixtures prepared in the 
manner as unknowns. For a 
review of the methods and the kind 
of results obtainable, the reader is 
referred to a comprehensive report on 
inorganic cation separations by ion 
exchange (18). 


curves 
satis- 


same 


Administration of Bioassay Operations 


The problems of record keeping, 
accidental exposures, scheduling of 
samples, etc., which are part of the 
routine activities of a bioassay group, 
are as follows: 


Analytical control. Every analytical 
procedure must be checked by daily 
recovery runs on samples to which 
known amounts of a radioisotope have 
been added. This is done on regularly 
processed samples without the knowl- 
edge of the analyst. In this way, the 
recovery factors for a given analysis can 
be followed continuously by graphical 
means. Graphical records of all results 
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TABLE 15 
Scheduling of Routine Semple Requests” 


; ’ 
‘ sponding Level 


Request 
adioactituy frequency 


handled mintmum 


No direct contact Annual 
<plt Semi-annual 

pl Quarterly 

100 pl Monthly 

> 100 pl > Monthly 


irine samples 


, 
rmissible level 





on a group and individual basis are 


helpful for detecting trends that might 
ndicate a let-down in precautionary 
Iti isures, 

Similarly, graphical records of coun- 
ter backgrounds, reagents, ete., are 
mportant 

\ valuable report is available (130 
charts in the 


on the use of control 


inalytical laboratory, together with 


specihe examples, and pertinent litera- 


ture reterences. 


The fre- 
individual is 


Scheduling of samples. 


quency with which an 
required to submit a sample of urine or 
analysis is a 


feces for radiochémical 


function of the radiotoxicity of the 
radioactive substances handled and the 


worked 


pending on conditions, may be 


evels with. Employees, de- 
placed 
These 
designated by an expo- 
and 4, to 
indicate the level of radioactivity han- 
dled 
submitting 
Table Ld 


individual is 


in five” principal categories 
ifegories are 


sure index, namely 0, 1, 2, 3, 


The corresponding schedule for 
samples is tabulated in 
The category to which an 
assigned is periodically 
reviewed by his group leader. 

Special containers are furnished 
the employees for collecting samples 
These containers are kept outside the 


laboratory areas 
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Procedures in case of accidental 


exposure. If the accident involves 
the inhalation of radioactive materials, 
24-hour 


fecal samples are requested. 


In the case of accidents involving 
puncture of skin by instruments which 
may contain radioactive materials, a 
blood sample is obtained as soon as is 
practically possible and a 24-hour urine 
sample is taken. 

The blood samples are valuable for 
detecting excessive exposure jnasmuch 
as a small aliquot can be deposited 
directly on a platinum dish, flamed, and 
counted directly in an alpha counter 
within a matter of minutes. The entire 
hlood 
furnishing valuable information on the 


that 


sample can be analyzed, thus 


amount of radioelement may 
have entered the body ¢ 


that are 


Other analyses 


made where circumstances 


dictate are those involving apparatus, 
laboratory glassware, residual solutions, 
sputum, and nasal swabs. 
Personnel records. All the 
obtained on samples derived from per- 


results 


sonnel are kept on individual punch 
cards* like that shown on pages 64-65. 
Information such as type of element 
analyzed for, levels worked with, work- 
ing location, sex, year and month em- 
»loyment began, schedule for submit- 
ting samples, and special analyses are 
included on each individual’s record. 
For example, it may become neces- 
sary to find the following: all male scien- 
tifie personnel working in the Chemistry 


) 


Division on schedule 3 (exposure index 


3) who have had more than one half 
the permissible level of plutonium and 
their urine. ll 


containing reference to individuals who 


strontium in cards 
fall into the desired category are quickly 
and mechanically separated from the 
others. Any individual’s card can be 
from a cor- 


Such 


obtained immediately 


responding name-code punch 


° punch cards and information regard- 


their use can be obtained from the Mc Bee 
pany, 309 W. Jackson Blvd., Chicago, [il 
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These 





cards also save time when it is necessary 
to sort out the names of ,employees 
whose schedule requires them to submit 


a sample at a given date. 
* * * 


The author is indebted to many indi- 

cals at the A rgonne National Laboratory 
for their advice and critwism on various 
parts of this series of papers. Special 
acknowledgment its due Vr. Edwin R. 
Russell whose early experiences in organiz- 
ing and operating a Bioassay Group were 


made available to the author 
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“High chemical and radiochemical purity of the recovered fuels is as strict 
a requirement as high yield. Impurity substances in the parts per million 
range that would, by parasitic neutron capture reactions, reduce the efficiency 
of the chain reaction, or affect the physical properties of the fuel elements, 
must be removed. The large scale preparation of high purity uranium was 
the necessary forerunner of a successfully operating reactor. In the re- 
working of the fuel after chemical processing, a high degree of separation 
from radioactive fission products is required, as many metallurgical or fabri- 


cation steps must be done at short range. 


Separation of these by a factor 


of a million or more may be required, again complicating the separation 
process and necessitating additional steps with attendant possibility of 
processing losses. The development of remote control metallurgical pro- 
cedures can alter the entire processing picture.’ 
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Dr. John F. Flagg, General Electric Co. 


Cleveland, O., Dec. 29, 1950. 
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Self-Absorption Corrections for Large 
Gamma-Ray Sources 


Reduction in gamma-ray intensity by self-absorption is cal- 


culated for homogeneous and parallel source radiation. 


A 


general correction equation is derived which is applicable to 
linear, cylindrical, spherical and certain other source shapes 


By W. R. 


Radiology Lahorator y 
National Research 


Councu 


SELF-ABSORPTION CORRECTIONS applied 
to gamma-ray sources have been con- 
fined in the past mostly to radium con- 
tent measurements. These corrections 
were at most a few per cent. In view of 
the 
now being produced by neutron irradi- 


rather large gamma-ray sources 
ation, an evaluation of the self-absorp- 
tion for somewhat larger sources than 
those considered heretofore is needed, 
the 


self-absorption in a gamma-ray source 


The elementary calculation of 


is based on the assumptions that the 
radioactive material is distributed uni- 
formly throughout the source, and that 
the measured radiation is homogeneous 
ind parallel. Clearly, the first of these 
assumptions is not met in practice for 
neutron-irradiated sources, unless the 
material is irradiated in small segments 
and then assembled into the final shape. 
Chis 
common in the production of multi- 
The that 


the radiation is homogeneous in energy 


practice is not, however, un- 


eune sources, assumption 
is also not always realized, but filters 


are often used to remove soft 
be 
The assumption that the radiation is 
the 


detector is far enough from the source 


any 


components which may present. 


parallel is approximately valid if 


that only rays with a small angular 


divergence reach it. 
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The following calculations of the self- 
absorption are based on these assump- 
tions. No account is taken of absorp- 
tion in the walls of the container, nor of 
internal scattering which reaches the 
detector and reduces the apparent self- 
absorption (1), This enhancement of 
the intensity reaching the detector can 
in theory be taken into account by 
choosing a lower value of the absorption 
coefficient. In practice, however, it is 
difficult to determine just what value 


the coefficient should have (2). 


Self-Absorption Calculations 

We shall calculate the self-absorption 
for several common shapes of sources. 
The simplest possible source is one for 
which the length, measured in a direc- 
tion parallel to the source-detector axis, 
is constant for all parts of the source; 
this type is designated as a “linear” 
is clear that 


source. It the cross sec- 


tion, taken at right angles to the source- 




















FIG. 1 Linear source 
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detector axis, may be of any shape, 
provided that the lateral dimensions 
are small enough to justify the approxi- 
mation that the radiation is parallel. 
Another possible source is a right 
cylinder with its axis perpendicular to 
this type is 
“cylindrical” The 


“spherical”’ source requires no 


the source-detector axis: 


called a source, 
term 
further explanation. 

Linear source. 
illustrated in Fig. 1, where a is the half- 


Consider the source 


length and the radiation is parallel to 
I is the intensity re- 
and TJ» the 
intensity received had there been no 


the z-axis. If 
ceived by the detector, 
self-absorption, we have 
I ] [ ta 

- = e~wlanz dx 
I, 2a ; a 


= . (1 — e~2#4) (1) 
2ua 
where yu is the linear absorption coeffi- 
cient. We note in passing that the 
integral may be written in the form 
i = [" 7 tua es? sin @d0 = (2) 
Io 0 
by the substitution z = a(1-2 cos 6). 
Cylindrical source. Consider the cir- 
cular cylinder illustrated in Fig. 2, with 
the radiation parallel to the z-axis. 
Then 
I 1 ( ta f ++/a?—y? 
Tl, wa J—e | sea 
exp (—u Va* — y? + wx) dx dy 


ray | 


+a - a, 
(] — ¢ «eV a*—y ) dy 
a 


Substituting y = a cos 6, integration by 


parts gives 


L ee. 
I, «Jo 


When the exponential factor is ex- 
panded in a power series, and termwise 
integration performed, one obtains 
8 1 32 
1 — = wa+ 5 (ua)* — —— (ua) 
3x” r ;“ iSe ' 
+ -+e+s+ (4) 


This result was first given by Paterson 


e72Ha cos 8 gin? 6dée@ (3) 


et al. (3). 
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FIG. 2 Cylindrical source 


It is readily verified that Eq. 4 also 
gives the self-absorption in a cylinder 
of elliptic cross section, provided that 
the radiation is parallel to one of the 
principal axes of the ellipse. For the 
elliptic cylinder, the quantity a is the 
half-length of the principal axis in 
question. 

Spherical source. Consider the 
sphere illustrated in Fig. 3, with radi- 
ation parallel to the z-axis. Then 


bal] 
Io > = | 


exp (— pa? — y? — 22+ wr) dz dy dz 
where the limits of integration are 


” 2 


— Va’? — y? —2z 

+ Va? — y? — 2? 
— <a? — 2? 
toy = + Va? — 2? 


r= 
tor = 


= -—-atoz= +a 




















FIG. 3 Spherical source 





Pe rforming the 


[J 


of y = asin @cos @ 
asin 6 sin @ gives 


integration over 7 gives 
as a result 
/ 3 

/ drat 


] 


I exp a’ y* 


Substitution and 


3 tn fe 
Irud 
i] soon 7! gin A cos 6dbd@ 


result of the integration Is 


l 
2ua 


in integration by parts, the integral 


the spherical case The quantity a now 
becomes the half-length of the principal 
iXIS In question 


General Self-Absorption Function 


Comparison of Eqs. 2, 3 and 6 shows 
that the results for the linear, evlindrical 
ind spherical sources may be expressed 
this 


the definite 


by a single mathematical function 
inction can be defined by 


{ 


where l denotes the 


[/Io = 


Then 


F (ua 


* sin- 


Cuma 


where p 


6dé 


lunction, 


= ly for 


i\ also bee put into the form 


6d@ 


lineal sources, p 


SOUTCES, 


and p 


for cylindrical 


for spherical 





the m4 lf 


the 


Kquation 5 1s also valid for 


ibsorption in an ellipsoid when 
radiation is parallel to one of the prin- 


The 


cedure is analogous to that outlined for 


cipal axes mathematical pro- 





The Self-Absorption Function /,(u01) 


OOO 
906 
S24 


O00 


920 


O00 
gg 
SO5 
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ovO0 





SOUTCEeS 


The power series expansion of F(x) 


3 


tie y 


H1)r(p+54 


s 
\) 
\ second expansion of F',(r), useful for 
iluation of the function for very large 


ilues of the argument, Is 


Phere 


Is a strong 


Eq. 7 


which 


and 


occur 


certain 


in the 


functions. 


In fact, 


similarity between 


definite 


theory of 


integrals 
Bessel 


it is easily verified 


where /, denote the modified 


2 
’ 


and L, 


essel and Struve functions, respec- 


tively. The evaluation of F,(2), which 


may become extremely laborious by the 
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power series given in Eq. 8, may be 
accomplished with the aid of tables of 
the function 1 w/2{Ii(r) — Li(x)} 
published by R. Miller (4). In Miil- 
ler’'s notation this function is denoted 
by —dd/dz. 

Values of the Fis(ua), 
Fy (ua) and F34(ua) are given in the table 


functions 


on the preceding page 

As an example, take a linear source of 
length 1.0 cm and self-absorption coeffi- 
erent pu 
from the 


= Fem 
table 


intensity 


Then wa = 2.5, and 
it is seen that the meas- 
19.9% of the 
The ratio [/Io 


most 


ured 1S only 
unattenuated intensity. 
is not, however, the interesting 
self- 


further in- 


quantity to calculate when the 


absorption is large, since 
creases In 


do not 


the length of a linear source 
This 


point is considered in more detail in the 


increase 7 appreciably. 
following section. 


Effective Strength of Linear Sources 
To avoid 


effects in many applications of multi- 


undesirable penumbra 


curie gamma-ray sources to industrial 


radiography and medical therapy, it is 


essential that the source of radiation is 
approximately a point. In such appli- 
cations the source is usually a cylinder 
parallel to the 

This 
linear. If the 
tional area is limited by the appli- 


with its 
detector 


AXIS source- 


axis, source may be 


classified as Cross-sec- 
cation, one can increase the length and 
the specific activity, or both, to obtain 
the required effective strength of the 
source. The self-absorption, however, 
limits the advantage to be gained by 
increasing the length. 

If we denote the cross-sectional area 
by A, the length by 2a, the coefficient 
of self-absorption by yw, and the activity 
per unit volume by o, then the un- 
attentuated Ip = Ao2a. 
Using Eq. 1 the effective strength is 

I = (Ag/p)(1 — e722) (9) 
where J, / 


measured in a consistent set of units. 
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strength is 


and o are understood to be 





4 


4a rm 


FIG. 4 Variation of effective strength of 

linear source with length for given cross- 

sectional area and _ specific activity. 

Dotted lines join points for which J/J max 
is constant 


As the length of the 
creased, / 


source 18S In- 
approaches the constant 
value 

| 


Ag/p (10) 


so that the maximum strength obtain- 
able is the same as that for a source 
with no self-absorption and with a 
length of 1/p. 

Equation © is plotted in Fig. 4 on a 
log-log pw =0.2, 1.0 and 
5.0 em~!. The dotted lines in Fig. 4 
ratio A = 


The equation of 


seale for 


join points tor which the 
I } ae is constant, 
these lines is 


I 


Ao 


For example, consider an Ir'® source 
with a self-absorption coefficient of the 
Then 50% of the 
maximum obtained for a 
length of 0.14 em, 90° % for 0.46 em, 
and 99° for 0.92 cm. The advantage 
to be gained by using a length greater 


order of 5 em 
output is 


than 0.5 cm is so small that to prepare 


sources of greater length may be 


economically unsound, 
self- 


To avoid a large amount of 


increase 
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absorption one may wish to 








the specific activity. A lower limit to 
the specific activity is easily calculated 
from Eq. 10. 


strength is specified, then 


If the required effective 


ao >yl/A (11 
Consider, for example, a Co*® source to 
a teletherapy unit. If an 
effective strength of 7 = 1,500 curies is 
and if A =10 ecm? 


,theno > 52 curies/cm$, 


be used in 
required, and 
lu 0.35 em 
oro/p > 5.8 curies/gm, where p ts the 
lensity. If an Ir source is used to 
taking 


must have o > 750 


meet these same requirements 
uu 5 em), we 
curies/em$, or o/p > 34 curies/gm. 

The specific activity for a neutron 


irradiated source is, 


ONC ( 0.693¢t 
3.7 x 10 ‘=e 9 ) 


flux /em?/sec, 


in curlies/gm 


neutron 


V = 6.02 x 10%, C is the 
capture cross section in cm?, W is the 


neutron 


atomic weight, ¢ is the irradiation time, 
and 7’ is the half-life. It is seen that 
the specific activity is limited by the 
neutron flux density available and the 
time of irradiation, so that it may be 
impossible, or impractical, to attain the 
Eq. 11. A 


various consider- 


indicated by com- 


value 


promise among the 


ations outlined for the preparation and 


multicurie gamma-ray sources 


ise of 


may be necessary. 
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BOOKS 


Counting Tubes—-Theory and Applica- 
tions, by 8S. C. Curran and J. D. Craggs, 
Academic Press, Inc., New York, 1949, 


xi + 238 pages, $5.50. 


\ great deal of useful material has been 
Both 
authors are known as competent persons 
in this field The book is written on the 
level suitable for graduate students and 
allied fields 


have basic training in physics but who 


brought together in this book 


research workers in who 
ire not necessarily physicists and who 
their work 


Knowl dge of calculus and of the basic 


need to use counters in 

cones pts of atomic physics is assumed 
The book starts out with a brief sum- 

mary of the complex subj ct of charged 


particles passing through gases and of 
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other gas-discharge phenomena, and 
goes on to a discussion of the operation 
of ionization detecting devices. Ioniza- 


tion chambers, proportional counters, 
non-self-quenching and self-quenching 
The 
theory of the discharge mechanism is 
described in detail. 


detection 


counters are treated in turn. 
The next sections 


discuss efficiency, resolving 
power and statistics, and constructional 
details, and are followed by chapters on 
circuitry and general uses. 

The discussion of the theory and oper- 
ation of counters is competently han- 
dled. It is evident that the authors are 
familiar with the literature and with 
current thought on this subject. It is 
these chapters which will be of the great- 
est value to persons studying the subject 
of counters. 

Since the book was written by British 
authors, it is not surprising to note that 
the parts dealing with construction and 
with circuits are evidently aimed more 
at a British audience than at an Amer- 
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The familiar dis- 
tinctions between not only the British 


ican one. various 
and the American language but also 
those between the British and the Amer- 
ican philosophy and point of view are 
evident. 

In this statement, the reviewer is not 
seeking to maintain that one or the other 
of these is preferable, but rather to 
point out that such differences do exist 
For 


authors assume that the 


and constitute a serious problem. 
example, the 
made in limited 
hand. This re- 
need for 


special purposes, 


counters are to be 
quantities, and by 
such 


How- 


viewer recognizes the 
counters for 
ever, the present trend in the United 
States is for such devices to be made 
by automatic vacuum-tube machinery, 
in increasingly larger quantities. An 
American user would like more discus- 
sion of new techniques, including the 
application of automatic vacuum-tube- 
making machinery. 

The authors, 
reviewer, do not place enough emphasis 


in the opinion of this 


on the importance of good vacuum- 
technique and cleaning of the counters. 
from the point of view of 
reproducibility and long-time stability, 


Especially 


the importance of these techniques can- 
If counters are to 
be inexpensive and available in large 


not be overstressed. 


numbers, and if it is desired that, out of 
a batch, as large a fraction as possible 
shall electrical 
characteristics, then counters must be 


have nearly identical 
made by the same techniques and by 
observing the same precautions as are 
employed in making other gas-discharge 
tubes 

Further, in the circuits shown, the 
primarily vacuum 
tubes of types not commonly available 
market, although 


authors indicate 


on the American 
occasional equivalents are given. 
The last sections are excellent, and 


the chapter on applications to cosmic- 

ray work and other special purposes 
. ° - 

contains many helpful ‘and suggestive 


Vol. 8, No. 4- April, 1951 


The book is 
well indexed, and contains an extensive 
bibliography on the subject. There are 
numerous useful tables and diagrams. 
The book constitutes a useful and wel- 
come addition to the quite short list of 
compilations on this subject. 

SerGeE Korrr 


Professor of Physics 
New York University 


diagrams and discussions. 


Economic Aspects of Atomic Power, by 
Sam H. Schurr and Jacob Marschak, 
Princeton University Press, Princeton, 
N.J., 1950, xxvi + 289 pages and 2 pull- 
out charts, $6. 


This book constitutes the first com- 
prehensive and carefully prepared eco- 
nomic discussion of the peacetime uses 
of atomic energy. As such, it should be 
considered ‘required reading” for any- 
one interested in following the industrial 
developments of the atomic age. The 
book is particularly interesting in that 
it gives a sense of reality to future 
atomic developments. It highlights the 
difficulties standing in the way of wide- 
spread and general application of atomic 
power. 

The book is divided into three parts. 

Part One is devoted to the economic 
characteristics of atomic power. . There 
is an analysis of natural resources of 
uranium and thorium and a description 
of the general nature of an atomic- 
energy plant. About two thirds of 
the cost of a coal power station will still 
be required, in its present form, for an 
atomic-power station. One third of the 
equipment will be replaced by the 
atomic boiler. 

The only estimates available for the 
price of these unique facilities come from 
two reports made in 1946 by Charles A. 
Thomas for the United Nations Atomic 
Energy Commission, and by a group of 
California scientists under J. B. Cond- 
liffe. The estimated costs given in the 
two reports vary by approximately a 
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factor of five. The authors thereafter 
develop a maximum, intermediate, and 
minimum cost, on the basis of the widely 
variable construction costs and assumed 


With 


some 


comparable costs. 
fundamental 


further analysis of obsolescence and 


operating 
these data, after 
amortization features of nuclear power 
find 


economy 


plants, the authors set out to 


areas in the present world 
where atomic power will find economic 
justification, 

Part Two is devoted to an analysis of 
nine industries to determine the eco- 


nomic advantages of atomic power. 
Aluminum, chlorine-caustics, soda, and 
phosphate-fertilizer manufacturing ap- 
The 


relationship of raw materials to the 


pear to be the most promising. 
market is analyzed, and the location for 
the principal processing plants most 
appropriate to atomic power utilization 
is developed. 

ven in the case of aluminum which 
requires a very large amount of elec- 
tricity in its production, they find that 
atomic power is competitive at only a 
price of approximately 3! 9 mills per 
kilowatt Under these 
stances, the future of atomic power is 


hour. circum- 
controlled more by the availability of 
economic hydroelectric sites, or natural 
gas deposits along the route of the 
materials from mine to factory, than 
it is by nuclear technology. In the 
event that demand exceeds economical 
would 


energy atomic 


undoubtedly find an important appli- 


sources, energy 
cation in this field. 
In the case of phosphorus fertilizer, 
the amount of energy required depends 
type of 
Electrical 
have the advantage of producing a con- 


strongly upon the chemical 


processing used. processes 


centrated product, requiring small 


transportation costs. Here again the 
availability of 
power between mine and market is of 
this industry, 


atomic energy at a cost of about 3's 
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low-cost hydroelectric 


great importance. In 


mills per kilowatt hour might well open 
new phosphate beds not being exploited 
at the present time. 

The last industry the authors discuss 
is residential heating. In this indus- 
try, the energy developed from a re- 
actor would not be converted to elec- 

distributed as 
The appropriate 


tricity but would be 
thermal energy itself. 

location, therefore, must have a combi- 
nation of high population density to 
unit 


reduce the capital costs of the 


distribution system, and a low mean 


annual temperature to increase the 


utilization of heat. In perhaps ten 


cities there is the necessary combi- 
nation which would justify the invest- 
heating costs would 
The attrac- 


well 


ment. Even SO, 


not be greatly reduced. 
tions of convenience might very 


justify such an installation in one or 
more of these cities, 


Part Three 
effects of general 


discusses the possible 


economical atomic 
power upon national or regional econ- 
particularly upon the 
backward 
throughout the Here again, 
on the framework of our present eco- 
nomic structure, the savings would not 
be large or the effects world-shaking. 
In the trend 
might continue, with a somewhat ac- 


omies, and 


industrialization of areas 


world. 


national scene, the 
celerated pace, toward the decentraliza- 
tion of cities. In the case of backward 
areas, atomic power might be decisive 
in accelerating the conversion of a 
village economy to an industrial econ- 
omy before population pressures can 
become serious. 

The 
humility, that it is exceedingly difficult 
to predict the effect of a technological 
They 


authors indicate, with proper 


improvement. point out the 


possibility of trigger effects, not readily 
predictable, where a new technology 
with a very slight reduction in cost 


might completely replace, or supple- 
ment, present technologies, They ac- 


knowledge that political as well as eco- 
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nomic forces are pertinent in the long- 
range national economic development. 
One of the most valuable features of 
the book is the 
postulates, and 


clear statement of 
the straight-forward 
reasoning used in reaching conclusions. 
The 


terms of the future of the industry 


value of the whole analysis in 
depends, to a very large measure, on 
the validity of the fundamental postu- 
lates. Unfortunately the backup in- 
formation upon which the capital costs 
of reactor construction are based has 
not been made available to the authors. 
This problem has 
fronted inquiring into 
possible future applications of atomic 
The costs for an atomic-power 


fundamental con- 


every person 
energy. 
plant are simply unknown. 

Even if the costs of the various AEC 
installations were made public, they 
would not represent the cost of a power 
plant designed for that function prima- 
rily. It is unfortunate that it will be 
difficult to evaluate the economic value 
of atomic power until a power plant has 
been constructed and has been in oper- 
ation for an extended period. 

Under the limitations of their funda- 
mental postulates, the authors have 
done as well as is humanly possible to 
cover a very broad field of application. 
Their conclusions must necessarily be 
somewhat since 


tentative and 


they find no application which can be 


vague 


said to be a sure thing. 

To evaluate the future possibilities of 
an atomic industry, one must examine 
closely the things that the authors say 
If a plant 
producing power exclusively is not eco- 
nomically justified, it may very well be 
that a producing power, plu- 
tonium, and fission products will find 
ample Such 
analyses of multiple-product industries 
go well beyond the scope of the present 


they have not analyzed. 


plant 


economic justification. 


study. 
While the economic study is based 


upon present price levels, and present 
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demand, it would be difficult to know 
what the price of coal will become 
during the next ten or twenty years, 
The demand for electricity appears to 
be increasing without bound and with- 
regard to Such increases 
in demand cannot be met by ex- 
pansion of hydroelectric facilities, 
but . must necessarily be met by 
expansion of fuel-burning plants. It 
is extremely difficult, at the present 
time, to estimate what the effects of 
the present national and international 
situation will have upon the price of 


out cost. 


power during the coming decade. 
Trigger effects, which are at least dis- 
cussed in the book, in which a small 
change in relative prices opens up a 
completely new industry or technology 
or, more important, makes possible a 
technology based upon the application 
of principles presently unknown or only 
generally understood, constitute some 
of the interesting avenues for 
speculation. It is not the proper fune- 
tion of the make 
speculations or to analyse them in their 
book; however, such trigger effects may 
well be decisive in the opening of an 


most 


authors to such 


atomic technology. 

For example: The use of penetrating 
radiations from the fission products of 
the reactor for the preservation of food 
might revolutionize the 
food-packing industries. The decom- 
position of water by nonelectrolytic 


completely 


means might change the economics of 
hydrogen reduction of iron, completely 
reorienting the relationships of steel 
The develop- 
ment of an atomic-driven locomotive, 
capable of operation within the geo- 
metrical present-day 
railroads, might completely alter the 
economic picture given in the book. 
While the authors have examined this 
possibility and have determined its 
technological infeasibility, based upon 
the opinions of persons completely 
familiar with the field, in a technical 
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mill to mine and market. 


limitations of 








field as young as this even the high 
priests can be in error. 

One of the most illuminating parts of 
the whole discussion is to see the way in 
which the authors consider that atomic 
energy could play a role in the Eco- 
nomic Assistance Program, the ‘‘point 
four”’ of President Truman. 
While, on the basis of present industries 
in various parts of the world, it would 


program 


be difficult to justify an atomic-power 
installation, such an installation has 
possible, real, significant advantages in 
industrialization, 
It introduces much greater flexibility 


an area undergoing 
into economic planning than is possible, 
particularly with hydroelectricity. It 
avoids the necessity of opening large- 
scale mining operations, and it may 
very possibly avoid the requirements 
of building rail communications between 
mine and power plant. 
—LYLe B. 
Chairman, Department of 


Reactor Science and Engineering, 
Brookhaven National Laboratory 


Borst 


Ion Exchange Resins, by Robert Kunin 
and Robert J. Myers, John Wiley «& 
Sons, Inc., New York, 1950, xi + 212 
pages, $4.75. 


Though other books on ion exchange 
have appeared, this is the first to give a 
unified and comprehensive account of 
ion exchange resins. The authors are 
well qualified, for they have charge of 
research and development in a company 
which has pioneered in the field. 

The first four chapters discuss the 
fundamental characteristics of the ion- 
exchange process, primarily the equi- 
librium relations. 
both 


presented, 


Data and equations, 
and 
and the similarity of the 
interior of the resin to a concentrated 
salt 


empirical theoretical, are 


aqueous solution is emphasized. 


The useful concept of “exchange poten- 


tial’’ is introduced and used throughout 
the book 
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The effects of ionic radius, 


hydration, and resin type are discussed; 
swelling is mentioned, but only briefly. 
Likewise, the exchanging properties of 
heavy metal ions, which seem to be 
influenced by ion pair formation, are 
not discussed. There is a short section 
on the kinetics of the ion exchange 
process. The mathematical theory of 
column operation is omitted. 

Chapter 5, The Synthesis of Ion Ex- 
perhaps the 
The authors’ 


change Resins, is least 
satisfying in the book. 
reluctance to disclose proprietary proc- 
esses is understood, but even the pub- 
lished 


covered. 


inadequately 
useful 
complete) table of 


procedures are 

There is a_ very 
though not quite 
commercial ion exchangers, listing man- 
ufacturer, chemical type, and exchange 
capacity. ‘‘ Electron exchange’”’ resins, 
selective exchangers and ion-exchanging 
membranes are briefly mentioned. 

The chapters on water softening and 
deionization which follow are excellent. 
Many graphs show the effect of vari- 
ables in column operation, such as pro- 
portion of regenerant, flow time, particle 
size and resin type. They give a very 
clear picture of the composition of the 
effluent during a softening or deionizing 
Most of these graphs are pub- 
lished here for the first time. Mixed- 
bed deionization is with 
enough data to show the remarkable 
this technique is 


cycle, 
described, 
results of which 
capable. 

A chapter on applications in analyti- 
cal chemistry emphasizes separations 
and the concentration of traces. An- 
other chapter, Miscellaneous A pplica- 
tions, mentions such topics as the re- 
covery of metals from waste solutions, 
the 
alkaloids and vitamins, the separation 


extraction and concentration of 
of amino acids, ulcer and edema ther- 


The 


separation of rare earths and of radio- 


apy, catalysis and sugar refining. 


active fission products is mentioned 
here for the third time in the book—an 
instance where the organization of the 
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book could have been improved, per- 
haps by better cross-indexing. 

The last chapters cover the 
methods of testing ion exchangers and 
ion-€x- 
Finally, there is an 
extensive bibliography, with 615 entries 
covering the literature to the beginning 
of 1949, and a few tables. 


The field of ion exchange is expanding 


two 


the design and economics of 


changing units. 


very rapidly in many directions, and it 
is easy for a reviewer to point to this 
and that subject which he thinks should 
had treatment. 
For only 173 pages of text, the book is 


have more extensive 


surprisingly complete. The book seems 
to be directed primarily to the large- 
scale user of ion-exchange resins, the 
soften or deionize 
time a 
reference work for all who are interested 


engineer who must 


water, but it is at the same 
in ion exchange. 
H. F. Watton 


Professor of Chemistry 
University of Colorado 
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129 pages, $7.50. This is a re- 
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uet, translated from the French by Fay 
Ajzenberg, Prentice-Hall, Inec., New 
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with illustration and examples, of the 
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contains 
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end of World War II. It was prepared 
(Continued on page 91) 
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CROSS SECTIONS 








Measurement of Soil Density and Moisture 


Two new methods of determining the density and moisture content of soil are 


being developed for use in the design and maintenance of roads and airstrips. 


They are improvements over the old methods particularly in that they require 


a minimum disturbance of the soil structure under consideration. 


method, based on the transmission of 
gamma rays, is being studied by Dr. 
R. K. Bernhard and D. Berdan of Rut- 
gers University. The second method, 
based on the scattering of neutrons and 
gamma rays, was developed by Drs. D. 
J. Belcher, T. R. Cuykendall and H. 8 
Sack* of Cornell University under the 
auspices of the Civil Aeronautics Ad- 
Field 
mentation are being continued by the 
CAA at its Development 


and Evaluation 


ministration. tests and instru- 
Technical 
Center, Indianapolis, 
Indiana. 


Transmission Method 

Proceeding from their studies of soil 
density measurements using X-rays, the 
Rutgers group is studying a density- 
measuring technique which makes use of 
the phenomena of gamma-ray absorp- 
Their apparatus is shown in Fig. 
and = an 


tion 
| \ 


ionization 


gamma-ray source 


chamber, each in its own 
metal tube, are embedded in the earth. 
The soil intervening between source and 
detector absorbs gamma rays; the 
absorption varies with the density of 
the soil 


and source-detector distance are known, 


Thus, if the source strength 


measurement of the radiation level at 
the detecting instrument can be cali- 
brated in terms of the density of the soil. 

Pilot tests 


from an 18.5-me Co* 


using the gamma rays 


source, and a con- 


Report No 27 
Washing 


Development 
Administration 


* Technical 
Civil Aeronautics 
ton, D. C.) 
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The first 


ventional radiation survey meter, indi- 
change in transmissibility of 
50% 
material. 


cate a 
about from loose to compacted 
This change is independent 
thickness 


of variation of soil-sample 


from 6-50 in. 
Scattering Method 
The Cornell group, 
method on the seattering of neutrons 


basing their 
and gamma rays, have developed a 
density measurement accurate to +2 
lb /ft®, and a moisture-content measure- 
ment accurate to +1 lb of water per ft* 
(corresponding to about +1% moisture 
content). 

Moisture content. Fast 
emitted from a source, enter the sur- 


neutrons, 


roundings where they are scattered and 
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FIG. 1. Apparatus for transmission 
measurement of soil density 


April, 1951 - NUCLEONICS 








<2 i] Z mn 

Uys 

~ eaeeor’ \\\seurce] t reit 
y} pA Scere 4 


4 
es 


Metal shoft 








Lj iP | 
tp Delf 10 ee 24 in 











FIG.2. Neutron source and detector for 
moisture content measurement 


slowed down by hydrogen atoms. The 
neutrons resulting is 
proportional to the water content of the 
surrounding soil but independent of the 
physical state of the water. Some of 
return to the 
vicinity ol the source, W here a detector 


number of slow 


these slow neutrons 
can be placed to record them. 

Thus the measuring device consists of 
a source of fast neutrons, a detector for 
placed close to the 
source, and some sort of a counting 


slow neutrons, 


device. The source-detector assembly 
can be lowered into a small diameter 
metal tube which has been sunk in the 
ground. The counting mechanism can 
be placed above ground and connected 
to the detector by cable. 
\ radium-beryllium source and a 
arranged as 
beta 


rhodium-foil detector, 


in Fig. 2, are used. A 
created in the rhodium 
foil by the impinging neutrons. After 
exposure, the foil is removed from the 
tube its activity counted. For 
precision, the time interval between 
removal of the foil and counting must 
be kept constant. 

With the Ra-Be source the counter 


shown 
activity is 


and 


can not be placed in the tube next to 
the foil because of the intense gamma 
emission from the radium. However, a 
few tests were made using a polonium- 
beryllium mixture as a neutron source. 
In this case the gammas are very weak, 
and it is possible to place the rhodium 
foil permanently around the counter, 
thus permitting continuous recording 
G-M_ counter. 
source has a 


with a beta-sensitive 

Unfortunately a Po-Be 
half-life of only four months and would 
have to be replaced often in any long- 


term operation. 

Density. 
a source, enter the surroundings where 
they are scattered by the electrons of 


Gamma rays, emitted from 


atoms. The seattering varies with the 
number of electrons in the atom and 
since, to good approximation for 
soils, the number of electrons is propor- 
tional to the density, gamma-ray 
scattering provides a measure of density. 

The apparatus, shown in Fig. 3, con- 
sists of a gamma-ray source and a de- 
tector, mounted so they can be lowered 
into the earth in a metal tube. The 
distance between the source and detec- 
tor is an essential parameter, since 
no effect will be found if the source and 
detector are in the same place. Lead 
is used to separate the source and detec- 
tor so that gammas coming directly 
from the source are not counted. A 
weak radium preparation was used as 
the source in the tests. 

Tests and results. Both devices were 
thoroughly tested in the laboratory. 
The tubes were inserted in drums of soil 
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Gamma-ray source and detector for density measurement by scattering 
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ind calibration found 


These 


curves were 


eurves are plots ol counts per 


minute versus moisture content or 
density, the latter being determined by 
standard tech- 


Empirical calibration curves 


drying and weighing 
niques. 
must be obtained since it is not yet 
possible to precalculate counting rates 

Performance of the devices under field 
tested both with the 
laboratory equipment and with specially 


With 


the latter, the counts were telemetered 


conditions was 


designed automatic equipment 
from the field station to the laboratory 
where the results were automatically 


The method 
} , & ro 2a l < - 
lend itself readily to practical measure- 


recorded was found to 
ments in the field. 
Moisture-content measurements ob- 


tained with the neutron device are 
averages of the condition of the soil in 
the range of 6 in. to 15 in. from the tube 
and low moisture content, 


The 
from about 1,000 epm for no water in 


for high 


respectively calibration ranged 


the soil to over 10,000 epm for 28 lb 
of water per ft*, and was independent 
of the soil type. Field measurements 
can be made with laboratory calibration 
curves. No serious disturbance was 
introduced by inhomogeneities, organic 
The 
profile can be explored by moving the 
shaft, 


variations in moisture occurring within 


matter, or salts present in the soil. 


device inside the metal and 
a half hour can be detected. 


Density measurements seem to be 
sensitive to soil disturbances near the 
tube, but it is thought that changes in 
source-detector geometry will alleviate 
this. The measurement is an average 
of the density of the soil lying within 
9 in. of the tube. 
used, the calibration ranged from over 
10,000 cpm for about 88 lb /ft® to about 
6,700 epm for 140 Ib/ft*, and was inde- 


Small 


For the apparatus 


pendent of the type of soil. 
inhomogeneities did not seriously affect 
results. Profile exploration is also pos- 


sible with this method. 





Metal Tubing Pinch Clamp 
Made from Wrench 


By H. W. Leighton 
Allen B. Du Mont Laboratories 
Clifton, New Jersey 

It is often necessary, as in the filling 
of G-M tubes, to close off metal tubing. 
This can readily be done with a pinch 
clamp made from a vise-grip wrench. 
The accompanying illustration shows a 
wrench which may be used for this pur- 
pose. The serrated Jaws may be cut 
off at X-X, leaving two pinching sur- 
faces at Y-Y. 


surfaces until they are round improves 


Careful grinding of these 


the pinching operation. If it is not 
convenient to cut the wrench, two half- 
rounds, shown in the figure, may be 
soldered to the These _half- 
rounds are ground from lathe-tool stock 
(Momax They soldered di- 
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jaws. 


may be 














Vise wrench from which pinch clamp is 
made 


rectly to the serrated jaws, or the serra- 
tions may first be ground off. 

For optimum results the jaws should 
be accurately parallel when brought 
together. As an added protection, 
after the tube is pinched off, it should 
be dipped immediately into flux and 
then hot soft solder. 
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Device for Cleaning and Drying Micropipettes* 


By Robert F. Overman 
Department of Chemistry and Institute of Science and Technology 
University of Arkansas, Fayetteville, Arkansas 


A simple device for cleaning and drying micropipettes (1-500 A), shown in 


the accompanying illustration, can easily be constructed of Pyrex as follows: 
A three-way stopcock is joined to the top of a flat-bottomed glass bulb (a 50-ml 
florence flask is suitable), and a number of pieces of 4-mm glass tubing are 


joined to the bottom of the bulb. A 
smaller bulb (or large diameter tubing), 
closed with a stopcock, is attached to the 
edge of the bottom of the large bulb, to 
serve as a reservoir. The pipettes are 
fastened to the glass tubing on the large 
bulb by means of various lengths of 
rubber or plastic pressure tubing of 
3 mm inside diameter. The lengths of 
the tubing are varied so that the ends of 
the pipettes are at the same level. 

For cleaning, the pipettes are inserted 
into the rubber tubing on the large bulb, 
and their tips immersed in the desired 
With the reservoir 


con- 


cleaning solution. 

stopcock closed, an aspirator is 
nected to the upper stopcock and a 
vacuum applied to the system. The 
cleaning solution is drawn through the 
pipettes and into the reservoir. After 
the pipettes are clean, the upper stop- 
cock is turned so that the system is open 
to the atmosphere. The lower stop- 
cock is then opened and the cleaning 
solution is returned to its container. 
This process is repeated with each rinse. 

For drying, the device is inverted 
after the last rinse, and clamped to a 
ring stand. Air is then drawn through 
the pipettes by the aspirator. 

The advantages of this device are: 
(1) it is simple and inexpensive to con- 
struct; (2) the short lengths of tubing 
may be easily replaced, thus avoiding 
contamination of the pipettes; (3) sev- 
eral pipettes of different sizes can be 
cleaned simultaneously; (4) a minimum 


* This work was supported in part by the 
U. 8. Atomic Energy Commission. 
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Cleaner and dryer for micropipettes 


amount of handling of the pipettes is 
required ; and (5) the cleaning and rinse 
solutions are conserved. 


TECHNICAL BRIEFS 


>Dual-channel scalers for use with 
G-M tubes are the most popular com- 
mercial instruments used and produced 
in Denmark today, according to Dr. 
Per W. Briiel, writing in the Danish 
Foreign Office Journal. 

>Profiles of surface and over-all dis- 
tortions in irradiated samples are auto- 
matically registered by the “Profile 
Recorder” developed for the Physics of 
Solids Institute of ORNL. 
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NUCLEONIC EVENTS 








NEPA PROJECT ENDED; PLAN NEW APPROACH TO PLANE DESIGN 


The Atomic Energy Commission and Air Force have jointly announced a 


shift in plans for the development of 


a nuclear-powered aircraft. 


iffective 


April 30, the NEPA (Nuclear Energy for the Propulsion of Aircraft) program 


will be terminated. 
Electric Company’s aircraft gas turbine 
the Consolidated-Vultee 
Corporation to carry on developmental 


division and 
ictivities in the aircraft nuclear propul- 
sion fi ld. 

It is expected that this shift will result 
in a new approach to the project which 
has been carried on under NEPA 
more than four years. With its activi- 
in Oak Ridge, Fairchild 


Airplane Corporation was 


for 
ties centered 
engine and 
the prime contractor in this program. 
G-E is already deeply involved in the 
itomic energy field, at Hanford and the 
Atomic 
the company gets the contract, it will 


Knolls Power Laboratory. If 
probably center this activity at its Lock- 
land, Ohio, plant. Consolidated, which 
may design the plane, is the manufac- 
r of the B-36. 


ture 


IOWA CONFERENCE TO 
DISCUSS ISOTOPES IN INDUSTRY 

The U'se of Radioisotopes in Industry 
is the subject of a conference to be held 
at lowa State College, Ames, on May 
1-3, 1951. 
by the Engineering Extension Service 
the Institute 
Atomic Research at Iowa State College, 
all 
No prior knowledge of the subject will 


The conference, sponsored 


in cooperation with for 


is open to interested individuals 


be necessary, and ample opportunity 


will be available for questions and 
discussions 
Further details are available from 


Dr. Glenn Murphy, 101 T. and A. M. 
Lab., 


Iowa State College, Ames, Iowa 


Negotiations are 


reported under way with the General 


AEC SEEKS INCREASE IN 

ZIRCONIUM PRODUCTION 
Plans to 

producers to manufacture high-purity 


encourage more private 
zirconium metal for the nuclear-reactor 


development program have been an- 
nounced by the Atomic-Energy Com- 
mission. At the present time, zirconium 
metal meeting required chemical and 
physical specifications is being produced 
largely in Government-owned or con- 
trolled facilities, using processes devel- 
the Bureau of Mines 
contractors of the AEC 

The major steps now used in obtain- 
ing the 


grade zirconium tetrachloride are: 


oped by and 


pure metal from commercial 
Separation of hafnium from the crude 
zirconium tetrachloride. 
Chemical purification of the separated 
zirconium, 
Calcination and rechlorination of the 
purified zirconium, 
Reduction of purified tetrachloride 
using the basic Kroll-type process. 
Refining of the reduced metal, using 
the basic de Boer-type process. 
Technological information about these 
unit processes may be made available to 
private producers who are in a position 
to supply zirconium metal or the inter- 
mediates above on a unit price basis. 
made 


Classified information be 


available to interested producers follow- 


can 


ing security investigation and clearance. 
Manufacturers interested in the AEC 
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zirconium program should 
write the Engineering, 
Atomic Energy Commission, Washing- 
ton 25, D. C. 


purchase 
Division of 


WATERMAN NAMED TO 
DIRECT SCIENCE FOUNDATION 
President Truman last month an- 
nounced his selection of Alan T. Water- 
man, Technical director of the Office 
of Naval Research, for the $15,000-a- 
year position of director of the newly 
created National Science Foundation. 


The National Science Foundation 


Board, of which James B. Conant is 
chairman, submitted the list from which 
Dr. Waterman’s name was chosen. 

At a recent meeting of the Board, 
temporary committees were appointed 


to initiate the work of the Foundation 
which has been divided into four divi- 
sions as follows: Mathematical, Physical 
and Engineering Sciences; Biological 
Sciences; Medical Research; and Scien- 
tific Personnel and Education. 


ASEE TO HEAR TALKS ON 
NUCLEAR ENGINEERING PROBLEMS 

The American Society for Engineer- 
ing Education that 
engineering’s role in the development of 
atomic energy will be the principal tupic 
for discussion at the spring meeting of 
its Middle Atlantic Section. 

An all-day session, the meeting will 
be held at Rutgers University, New 
Brunswick, N. J., on May 12. The 
morning program will include talks on 
‘Engineering in the Atomic Energy 
by representa- 


has announced 


Commission Program” 
tives of the AEC and by Leland 
J. Haworth on ‘‘What the Brook- 
haven National Laboratory Offers the 
Colleges.” 

A panel discussion of nuclear engi- 
neering problems will take up most of 
the afternoon Some of the 
scheduled speakers for this panel are 
Warren E. Winsche of Brookhaven Na- 
will talk on 


session. 


tional who 


Vol, 8, No. 4- April, 1951 


laboratory 


‘Separation Processes and Waste Dis- 
posal’’; Paul C. Aebersold, head of the 
AEC Isotopes Division at Oak Ridge, 
who will discuss ‘“‘Isotopes and Tracer 
Techniques”; David B. Gurinsky of 
Brookhaven, who will speak on ‘‘ Prop- 
erties and Requirements of Materials 
in Nuclear Engineering’’; and Thomas 
B. Drew of Columbia University, whose 
topic will be ‘‘ Reactor Design.” 

The conference at New Brunswick 
has been arranged by the ASEE 
through one of its five regional sub- 
committees established to work with the 
Atomic Energy Commission and _ its 
contractors on  nuclear-engineering- 
education problems (NU, Aug. 50, p. 88). 


INDIANA UNIVERSITY ESTABLISHES 
ATOMIC ENERGY LABORATORY 

Indiana University has announced it 
will soon have in operation an atomic 
energy laboratory for research into the 
peacetime uses of atomic energy. The 
work of the laboratory, established in 
cooperation AEC, will be 
under the Frank T. 
Gucker, Jr., head of the Department 
of Chemistry. 

The cyclotron in the Department of 
Physics will produce some of the iso- 
topes to be used in the laboratory, 
with 


with the 
direction of 


which will engage in research 
radioisotopic tracers for chemical and 
biochemical analyses and in training 


students in radiochemical techniques. 


HARWELL STUDIES POWER, 
OFFERS ISOTOPES COURSE 


Sir John Cockcroft, director of the 
Atomic Energy Establishment at Har- 
well, England, in a lecture at the Royal 
Society last month, indicated that the 
establishment will devote more time to 
investigating the potentialities of nu- 
clear energy as asource of power. Until 
recently, about 90% of the establish- 
ment’s efforts directed toward 
basic research, technological informa- 
He an- 


83 


was 


tion, and isotope production. 








nounced that the balance of effort was 
beginning to change, however, to ad- 
ditional experiments on nuclear power 

This month the Ministry ol Supply 
opened a school at Harwell to instruct 
industrial and medical laboratory work- 
ers in the use of radioactive materials. 
The first instruction offered was a six- 
April 2 


weeks course that started on 


ORINS TO OFFER COURSES ON 
ISOTOPES, AUTORADIOGRAPHY 
The Oak Ridge Institute of Nuclear 
Studies this 
course on the ‘‘Theory and Techniques 


summer will offer a new 


of Autoradiography” and 


bi Radioisotope Tech- 


repeat its 
basic course in 
niques.”’” The autoradiography course 
will last 
July 2 

four weeks’ 


three times beginning on June 11, July 9, 


for three weeks and start on 
The radioisotopes course is of 


duration and will be given 


and August 13. 
The 


cover such subjects as the theory of the 


autoradiography course will 


photographie process, reaction of 1oniz- 
ing particles with photographic emul- 
sion 


and techniques of making gross 


It Is 
open to professional! research workers 


and microscopic autoradiograms, 


who will direct research employing auto- 
radiographic techniques. Applicants 
must have completed the basic radio- 
isotopes techniques course discussed 
below or possess equivalent experience 
in the use of radioisotopes. Twenty 
individuals from the medical and biologi- 
cal sciences will be accepted for the 
course. 


The 


courses inglude general and laboratory 


basic radioisotope techniques 


lectures, performance of experiments 


utilizing radioisotopes, and special 


seminars. The seminars are given by 
specialists in the medical use of radio- 


health 


radiochemical laboratories, dosimetry, 


isotopes, physics, design of 
etc. Thirty-two participants will be 
accepted for each course. 

A registration fee of $25 is charged 
Appli- 
cation forms and additional information 
may be obtained from Ralph T. Over- 


for each of the courses named. 


man, Special Training Division, Oak 
Ridge Institute of Nuclear Studies, Oak 
tidge, Tenn 





STANFORD GROUP STUDIES INDUSTRIAL FISSION PRODUCT USE 


Large-scale industrial use of fission products is being investigated by the 
Stanford Research Institute working under contract with the Atomic Energy 


Commission, the AEC announced last 


month. The study aims to inform 


industrial concerns of the characteristics of fission products and to obtain the 


cooperation of industry in developing 
estimates of their possible utilization. 

As a result of the study, industry may 
be offered an opportunity to tap large- 
scale low-cost sources of radioactivity, 
such as the vast amounts now stored in 
the underground vaults at Hanford. It 
is estimated that the cost per curie of 
these large quantities of fission products 
should be in the range of 1/100 to 
1/1,000 of the cost of most radioactive 
materials presently available. 

Large, ready-made markets for these 


products will probably not 


84 


eXist, ac- 


Rather, 
it is desired to find potential large-scale 
developed with 
Working 


possible 


cording to the Stanford group. 


uses which can be 
minimum cost and difficulty. 
in close cooperation with 
industrial users, the team making the 
study will estimate potential markets 
for the fission products. These esti- 
mates will be used to direct the research 
and development program into the 
most worthwhile channels and to assist 
in the planning of processing and dis- 


tribution programs. 


April, 1951 - NUCLEONICS 





The principal subjects covered by the 
study are the properties, availability, 
cost, and possible uses of fission prod- 
The 


speculative in nature, based on calcula- 


ucts. suggested uses are purely 
tions and laboratory experience in the 
use of individual isotopes, since there is 
little or no actual experience in the in- 
dustrial use of gross or mixed fission 
products 

The 


fission products are, 


elements which make up the 
in general, radio- 
active, and are in the atomic weight 
The principal proper- 
ties of these isotopes that might be of 
interest to industry are the ability to 


kill organisms, 


range of 72 162. 


induce chemical reac- 
tions, ionize gases, activate phosphors 
and produce rays able to penetrate 
solids. 

Some uses suggested by these proper- 
ties are heatless sterilization of foods 
and drugs in their containers, produc- 
tion of new chemicals, production of 
static eliminators and fluorescent lights, 
production of luminescent paints and 
tiles, and tracing of pipeline flows. 

Details of the information found in 
the study will be given in the May issue 
of NUCLEONICS. 

The team that is making the study is 
headed by Paul J. Lovewell, Paul Cook, 
and William E. Hosken. A preliminary 
report of the findings of the investiga- 
booklet form. It 
may be obtained by writing to Project 
361, Department of Business and 
Industrial Stanford Re- 
search Institute, Stanford, California. 


tion is available in 


Economics, 


DESIGN OF INEXPENSIVE 
G-M COUNTER MADE PUBLIC 


Circuit and production 


specifications of an inexpensive, easily 


diagrams 


operated Geiger-Miller counter were 
made public last month by the Atomic 
Weighing 1%4 Ib 
and powered by flashlight batteries, it 


Energy Commission. 


could probably be produced to sell for 


about $16. One model can be used to 
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measure up to 500 r, while another ts 
suitable for a maximum range of 5 r 
Prototypes of the counter are being con- 
sidered by the Federal Civil Defense 
Administration for use as a civilian 
defense instrument. 

The counter is described in AEC 
document N YO-1538, ‘‘ An Inexpensive, 
Wide Range Gamma Ray Survey 
Meter,” by H. D. LeVine and H. J. 
DiGiovanni, Office of 
Technical Services, Dept. of Commerce, 
Washington, D. C., at $0.30 a copy. 


available from 


FOUR 15-STORY-HIGH BOILERS 
ORDERED FOR AEC PLANT 

Combustion Engineering-Super- 
heater, Inc., recently announced receipt 
of a contract for four boilers for the 
power-generating facilities to be built 
near Joppa, Ill., to supply power to 
the Atomic Energy Commission’s new 
plant in Paducah, Ky. 

Awarded by Ebasco Services, consult- 
ing engineers for Electric Energy, Inc., 
a company formed by five public 
utilities to build and operate the 
650,000-kw power station (NU, Mar. 
51, p. 88), the contract calls for four 
boilers requiring a total of 15,000 tons 
of steel, each equal in height to a 
The fuel to be 
used will be either natural gas or pul- 
verized coal. 


fifteen-story building. 


CHICAGO PLANS INTERNATIONAL 
NUCLEAR PHYSICS CONFERENCE 
The University of Chicago’s Institute 
for Nuclear Studies will sponsor a five- 
day International Conference on Nu- 
clear Physics and Fundamental Particles 
to be held in Chicago, IIL., in September. 


Ten major papers will be presented on 
the subject, with emphasis on researches 
conducted with high-energy particle 
accelerators. 

Invitations to the 
been sent out to more than one hundred 
noted physicists, including twenty-five 
foreign scientists. Funds for the con- 


conference have 








ference are being supplied by the Office 
of Naval Research and the Atomic 


Ione rgy Commission. 


PROCESS DEVELOPED TO GET 
URANIUM FROM PHOSPHATES 


The Atomic Energy Commission has 
developed a process whereby uranium 
in phosphates can be extracted eco- 
nomically in the production of highly re- 
fined fertilizer known as triple super- 
phosphate. 

In the production of triple super- 
phosphate, phosphoric acid is produced 
at one stage. In the production chain, 
between the phosphoric acid stage and 
the final stage, it appears to be feasible 
with the new process to extract uranium 
from the phosphate by attaching special 
equipment to the facilities used in the 
production of the fertilizer. The proc- 
ess is Classified and cannot be described. 


AEC INCREASES URANIUM 
BONUS AND PURCHASE PRICE 

The Atomic Energy Commission has 
ucted to provide a new bonus for domes- 
tic uranium ore production and a price 
increase for Colorado Plateau ores. 

The changes in AEC’s domestic ore- 
buying schedule are: 

1. Iiffective March 1, 1951, to March 
1, 1954, the Commission will pay a new 
graduated bonus of up to $35,000, de- 
pending upon the quantity and grade of 
re, for initial production and delivery 

weceptable uranium ore from new and 
certain existing mining properties 

», keffective March 1, 1951, to April 
1, 1958, the Commission will increase its 


’ 


guaranteed minimum base prices for the 


uranium oxide content of carnotite- 


roscoelite type ores of the Colorado 
Plateau from its present range of 50¢ 
$2.00 per pound to $1.50-$3.50, de- 
pending upon the grade of the ore. 
Since April, 1948, AEC has offered a 


$10,000 bonus for discovery of a new 


deposit whose first 20-short-ton yield of 


uranium ore or mechanical concentrate 
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issayed 20° or more uranium oxide 
To date, this bonus has not been col- 
lected 


and does not supersede this old one. 


The new bonus is in addition to 


The new bonus and price increases are 
described completely in AEC Domestic 
No. 6, 

Production of 
Domestic Mining 


Program Circular 


Initial 


from 


Uranium 
“Bonus for 
Ore 
to be issued shortly. 


Uranium 
Properties ”’ 


SWEDISH COMPANY TO BUILD 
REACTOR IN MOUNTAIN ROCK 

A zero-power reactor will be built 
soon by the Swedish semipublic Atomic 
Energy Company, Inc., and placed in 
an opening blasted from solid rock in a 
mountain near the research station of 

Engineering Sciences 
The rock will 
make the 
virtually bombproof. 


the Academy of 
in Stockholm. 


all radiation 


absorb 
and reactor 

The company, started four years ago, 
has to date been principally occupied 
with extracting and producing uranium 
metal from Swedish shale deposits in a 


form useful for reactor requirements. 


URANIUM AGREEMENT REVEALS 
AFRICAN PILOT PLANTS 

The news that the South 
Africa has made an agreement on the 
sale of uranium to the United States 
NU, Jan. ’51, p. 84) has 
also brought to light the fact that pilot 


Union of 


and Britain 


plants for the extraction of uranium 


are already operating at some gold 
mines on the Witwatersrand to provide 
data for the design and erection of full- 
scale plants. 

This 


culmination of several years of inten- 


agreement is the successful 
research and development by 
Africa, the United States 
Britain on the problem of economically 


sive 

South and 
recovering uranium from South African 
gold ores. The initial production will 
come from the West Rand Consolidated 
Mines, Ltd., Daggafontein Mines, Ltd., 
Blyvooruitzicht Gold Mining Co., Ltd., 


April, 1951 - NUCLEONICS 





Western Reefs 
Development Co., Ltd 


and Exploration and 

The plants to be erected on the four 
companies’ properties to extract uran- 
ium from gold ore will be financed by 
loans from the South African Atomic 
Board. The mines will sign 
contracts to sell their uranium to the 
board for 10 years from the times the 
West 
Rand estimates that their plant will be 
ready in the second half of 1952, while 
Blyvooruitzicht and Daggafontein esti- 


Energy 


plants are in full production. 


mate theirs will be ready in about 
3 and Western Reefs, about 344 years 


IN BRIEF 


>Security rules for visitors and person- 
nel entering AEC plants at Oak Ridge 
are being tightened. The patrol force 
and number of guards have been in- 
creased, and a rigid check system for 
badge identification has been installed. 


>Cosmic-ray observations will be 
carried out in a new laboratory built by 
Vational Research Council in 
Ottawa The 


removable section of roof, one end of which 


Canada’s 
eastern building has a 
is built to hold up to 10 tons of equipment 
and le ad shielding. 


>Los Alamos medical research is being 
expanded with the building of a $1.5- 
Medical Research Laboratory 
scheduled for completion in 1952. The 
work of the laboratory, under the direc- 
tion of Thomas L. Shipman, will include 
industrial-health re- 
search on the effects of nuclear radiation. 


million 


biomedical and 


>The synchrocyclotron at the Univer- 
sity of Chicago, in initial tests conducted 
recently, produced 250-Mev deuterons. 
These particles were, however, not brought 
outside the The 


step will be to focus a proton beam for 


magnetic field. neat 


ultimate design energy of 450 Mev. 


>Brookhaven’s cosmotron magnet, 
weighing 2,200 tons, has been installed. 
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Scheduled for completion in late Decem- 
ber, the machine is designed to produce 
a 3-Bev proton beam. 


>Columbia University’s engineering 
program will, within a year, be expanded 
Institute for 
Engineering Science 


to include an Advanced 


As announced by 


John R. Dunning, Dean of Engineering, 


ex pe rts in various scientific fields will be 
brought together to deve lop new research 
ideas and an industry- and government- 


financed Coope rative Re search Division. 


>Hanford Works of the General Elec- 
tric Company has announced formation 
of Engineering and Construction Di- 
visions, comprised of the present Project 
Engineering 
struction Divisions. 


and Design and Con- 


» Britain’s 


under construction 


powerful synchrocyclotron, 


at the 
Liverpool, will be ready for use by the 


University of 


middle of this year. 


>AEC’s Savannah River Operations 
staff and the du Pont Company, admin- 
istrator and operator, respectively, of 
the new AEC facility in South Carolina, 
will soon move into a new administra- 
tion office building on the site of the 
facility. 


»>Engineering studies have been begun 
by the AEC, with permission of the De- 
partment of Defense, in preparation for 
making a portion of the Weldon Spring 
Ovdnance Works in 


as a site for one of the 


Missouri available 
Commission's 
developmental activities. 


>The United Nations Iducational, 
Scientific, and Cultural Organization 
recently announced that Italy 
given $3,200 toward the cost of a 
preliminary study on setting up a West 
European physics laboratory for high- 
energy-particle France has 
under consideration a gift of $5,800 
toward the study, which will be con- 
ducted by Pierre Auger of France and 
which grew out of a proposal made last 
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has 


research. 








June by American UNESCO delegate 
I. I. Rabi 


core of the laboratory’s equipment, will 


The cost of a cosmotron, 


be figured in initial estimates 


of Oak Ridge National 


facilities are 


> Expansion 
Laboratory continuing. 


Rece ntly, plans were announced for a 
new two-story laboratory building to be 
constructed at the K-25 plant, ground was 
broken for a health physics waste research 
building, and a new instruments depart- 
ment laboratory with 21,000 sq ft of floor 


area was ope ned, 


been 


Michigan has 


contract by the 


> University of 
awarded a two-year 
AEC for “development, alteration, and 
operation” of a 300-Mevy synchrotron. 
The grant for the first year of the con- 
tract is $80,000. 

>Fundamental research with heavy 


water u ull be 


of Tennessee for the A EC under a $15,000 


conducted by University 


grant. 


>Bone marrow as affected by atomic 
radiations is the subject for a North- 
western University research project. 
\ $22,276 grant for the investigation 
was made to the university’s school of 


medicine by the U. 8. Air Force. 


> Well Surveys, Inc., a Tulsa, Okla., 
well- 


I ifty per cent 


concern engaged in radioactivity 
ogging, was recently sold, 
of ats capital stock was bought by Lane- 
Wells Company of Los ingeles; the re- 
maining half of its stock is owned by 


Socony- Vacuum Oil Compan yj, Ine. 


> More production space is being made 
available to the AEC Amarillo, 
The site selected is the Pantex 


near 
Texas. 
Ordnance Plant, declared surplus after 
World War II. Besides 4,000 acres of 
the reservation and some existing equip- 
ment and buildings at the plant site, 
there will be some new construction. 
The new facility when completed will be 
operated by an industrial concern under 
a cost-plus-fixed-fee contract. 


NUCLEAR NEWSMAKERS 


Charles Vanden Bulck has been named 
assistant manager of Oak Ridge Oper- 
ations for AEC. 


William E. Johnson has been named 
assistant general manager of the Gen- 
eral Electric Company’s Nucleonics 
Department at Hanford Works. He 
succeeds Francis K. McCune who has 
been appointed manager of engineering 
of the G-E Apparatus Division in 
Schenectady, N. Y. 


Jack C. Greene, formerly assistant chief 
of the AEC Radiation Instruments 
Branch, has been appointed a 
sultant on radiological instruments in 
the Health Services and Special Weap- 
ons Defense Division, the Federal Civil 
Defense Administration. 


con- 


Cyril D. Curtis and John W. Glattfeld 
have joined the staff of the Argonne 
National Laboratory. Mr. Curtis, as- 
sociated with the Manhattan Project 
at Los Alamos from 1945 to 1946, has 
been assigned to the Naval Reactor 
Division as associate physicist. Dr. 
Glattfeld, appointed a senior biochemist 
in the Biological and Medical Research 
Division, has been a consultant to the 


laboratory since 1948. 


S. Allan Lough, who was chief of the 
radioisotopes branch of the Isotopes 
Division, Atomic Energy Commission, 
has been named assistant chief of the 
Isotopes Division. Dr. Lough succeeds 
Nathan H. Woodruff who is now serving 
as technical assistant to the manager of 
the AEC’s Oak Ridge Operations. 


Recent appointments to the Oak Ridge 
National Laboratory include James P. 
Palmer, physicist and former research 
associate at Iowa State College; Jesse 
O. Betterton, who received his doctorate 


in metallurgical research at Oxford 
University; Anna F. Cohen, who re- 
ceived her doctorate in physics at 
the Carnegie Institute of Technology; 
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Herman O. Day, Jr., who received 
his doctorate in physical chemistry at 
the University of Texas; and Thomas J. 
Sworski, who received his doctorate in 
chemistry at Notre Dame University. 
Dr. Palmer will work with the Instru- 
Division. Drs. Betterton and 
have joined the staff of the 
Metallurgy Division, and Drs. Day and 
Sworski have been appointed to the 
chemistry division 


ment 
Cohen 


Bernice Weldon Sargent has been 
appointed director of the 
Atomic Energy Project at Chalk River, 
He succeeds W. H. Watson 
who resigned last year to become head 
of the physics department of the Uni- 


versity of Toronto. 


assistant 


Canada 


John C. Bugher has been named to the 
post of deputy director of the Division 
of Biology and Medicine of the Atomic 
energy 1938 Dr. 
Bugher has been on the staff of the 
Health Division of the 
tockefeller Foundation. 


Commission. Since 


International 


the 
Counsel to 


Everett L. Hollis has received 
General 
the Atomic Energy Commission. He 
served the AEC as Deputy General 
Counsel since 1949 and succeeds Joseph 
Volpe, Jr., who recently resigned to en- 
gage in Harold L. 
Price, member of the General Counsel's 
staff since 1949, has been named Deputy 
General Counsel. 


appointment as 


private practice. 


W. L. Budge of the Westinghouse Elec- 
tric Corporation has been appointed 
manager of its Atomic Power Division 
facilities near Idaho Falls, Idaho, where 
the submarine reactor being built for the 
AEC will be assembled and tested. 


Walter J. Williams recently was ad- 
vanced from the post of Director of 
Production to that of Deputy General 
Manager of the Atomie Energy Com- 
He succeeds Carleton Shugg 
who resigned the latter post (NU, Feb. 


mission. 
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51, p. 88). R. W. Cook, now manager 
of Oak Ridge operations, was named 
Director of Production. S. R. Sapirie, 
deputy manager of Oak Ridge opera- 
tions, Was named manager to succeed 


Mr. Cook. 


Gian-Carlo Wick, theoretical physicist, 
has accepted a professorship at Carnegie 
Institute of Technology. He will be 
working with Richard Becker, visiting 
professor from the University of Gétt- 
ingen who joined Carnegie’s physics 
faculty in October, in connection with 
the work of Carnegie’s Nuclear Research 
Center. Dr. Wick has previously been 
on the faculty of the universities of 
California, Notre Palermo, 
Padua, and Rome. 


Frederick Jacobsen and William G. 
Shaw have joined the staff of the Iowa 
State College Institute for Atomic Re- 
search in Ames, Iowa. 


Willis E. Lamb, Jr. of the physics de- 
partment of Columbia University will 
be visiting professor of physics at Stan- 
ford University, starting next fall. 


Dame, 


Vannevar Bush, president of the Car- 
negie Institution, was awarded the 
John Fritz Medal for ‘outstanding 
scientific contributions to his country 
and to his fellow-men.”’ Presented at 
the winter meeting of the American 
Institute of Electrical Engineers, the 
award to honor Dr. Bush was made in 
accordance with his selection by the 
AIEE and other engineering societies. 


Lloyd V. Berkner, scientist-engineer- 
explorer, has been elected president of 
Associated Universities, Inc., which is 
the non-profit corporation formed by 
nine eastern universities to administer 
Brookhaven National Laboratory for 
the AEC. George B. Pegram, pioneer 
government adviser on atomic energy 
and vice president emeritus of Columbia 
University, has been elected chairman 
of the AUI board. Mr. Berkner, who 
resigned from the staff of the Carnegie 








Institute of Washington to take the 
post, will be AUI’s first full-time presi- 
dent. He replaces Frank D. Facken- 
thal, former acting president of Co- 
University, who asked to be 
relieved of his duties 


lumbia 


H. K. Jackson has been named chief of 
the pilot plant section of the chemical 
technology division of the Oak Ridge 
He replaces D. 


resigned 


National Laboratory. 
G. Reid 
become superintendent of the 
Idaho Plant for 
the American Cyanamid Company. 


who 
plant 


recently to 


Chemical Processing 


John Gamble Kirkwood, formerly on 
the faculty of California Institute of 
Technology, has been named Sterling 
Professor of Chemistry and chairman of 
the Department of Chemistry at Yale 
{ niversity. 


A. V. Astin has been appointed asso- 
ciate director of the National Bureau of 
Standards. He was formerly chief of 
the Bureau’s electronics and ordnance 
division. 


E. U. Condon, director of the National 
sureau of Standards, has been elected 
president of the Philosophical Society 
Another 
stowed on him recently was election 


of Washington. honor be- 
to corresponding membership in the 
toyal Swedish Academy of Engineering 


Sciences. 


NECROLOGY 
William D. Harkins 


Andrew 


March 7, 1951 

MacLeish Distinguished Serv- 
ice Professor Emeritus of Chemistry at 
the University of Chicago, Dr. Harkins 
in 1915 presented the basic idea for 
transforming hydrogen into helium to 
liberate energy, today’s accepted theory 
behind the hydrogen bomb. He served 
the government as a consultant on rub- 
ber chemistry and contributed to the 
magic number abundance theory for 


elements. He was 77 years old 


90 


MEETINGS 


ith Annual 
Cancer 


Symposium on Fundamental 
Research and Cancer Pathology 
Conference of The University of Texas, held 
in coparticipation with College of American 
Pathologists (South Central Region Meeting) 
Texas Medical Houston 
Apr. 20-21 
National Acade my of Sciences 
D. C., Apr. 23-25 
ciety of Exploration 
meeting with 


Center Texas 


W ashington, 


Geophysicists in joint 
Association of Pe- 
troleum Geologists and Society of Economic 
Paleontologists and Mineralogists—St 
Missouri, Apr. 23-26 


American 
Louis 
American Physical Society, Division of High 
Polymer Physics—Washington, D. C., Apr 
26-238 
American Mathematical Society, 468th Meet- 
ing—New York, N. Y., Apr. 27-28 
Federation of American Societies for Experi- 
Cleveland, O., Apr. 30 
‘Bull Session on 


mental Biology 
May 3 (a 
scheduled as a preconvention activity 
29, Hotel Statler, at 8 p.m.) 


tadiation”’ is 


Apr. 


American Meteorological Society — Washington, 
D. C., May 2-3 
American Institute of Chemical 
Kansas City, Mo., May 13-16 
Mechanical Engineers, 
Energy Division of Metropolitan 
field trip to Brookhaven National 
Upton, N. Y., May 19 
Society of Mechanical Engineers, 
Semiannual Meeting—Royal York Hotel, 
loronto, Canada, June 11-15 


Engineers 


American 
Nuclear 


Section 


Society of 


I aboratory) 


American 


Ist National Congress of Applied Mechanics 
Illinois Institute of Technology, Chicago, IIL, 
June 11-16 

American Physical 
N. Y., June 14-16 

American Chemical Society 
sion— Washington, D. C., 


Society—Schenectady, 
Analytical Divi- 
June 14-16 
American Society for Testing Metals, 
Annual Meeting—-Chalfonte-Haddon 
Atlantic City, N. J., June 18-22 


54th 
Hall, 


Symposium on Analysis and Metallography of 
Titanium (June 11-13) 

June 14-16)—lIllinois 

Chicago, Il 


; Symposium on Sur- 
Institute of 


faces 


Pechnology, 
American Physical Society Vancouver, B. C 
June 25-28 
Engineers, 


York 


Institute of Electrical 
Meeting toy al 
Hotel, Toronto, Canada, June 25-29 
Nuclear 
Denmark, July 6-10 


(merican 
Summer General 


Congress on Physics—Copenhagen, 

Oak Ridge Summer Symposium (on Nuclear 
Engineering) sponsored by Oak Ridge Na- 
tional Laboratory and Oak Ridge Institute 
of Nuclear Studies—Oak Ridge, Tenn., Aug. 
27-Sept. 6 

American Chemical Society, Diamond Jubilee 


~ 


Meeting—New York, Sept. 3-7 
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Books 
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and published in the English language 
under the sponsorship of the Office of 
Technical The series was 
translated, edited and published by the 
O. W. Leibiger Research Laboratories, 
I ne., Petersburg, Vew York. The vol- 
available from the latter 
organization on a subscription basis for 
a total of $400, the 88 volumes to be 
delivered before December 31, 1951, or 
individually at $5.30 as they come from 
the press. 


Services. 


umes are 


Written by German scientists about 
their respective fields of research, the 
Fiat Review is a set of historic treatises 


that offer personal concepts of Ger- 


many’s wartime scientific progress in 
combination with speculative conclus- 
ions for future work. 
The which 
mation of interest to 
follows: 


contain infor- 
NUCLEONICS 


volumes 


readers are as 


Title 

1 Pure Mathematics, 
Part I 
Pure Mathematics, 
Part II 
Physics of the Electron 
Shells 
Nuclear Physics and 
Cosmic Rays, Part I 
Nuclear Physics and 
Cosmic Rays, Part II 
Electronics, Incl. Fun- 
damental Emission 
Phenomena, Part I 
Electronics, Incl. Fun- 
damental Emission 
Phenomena, Part II 
Biophysics, Part I B 


Volume Editor or Author 


W. Suess 
W. Suess 
H. Kopfermann 


W. Bothe and 
S. Fluegge 
W. Bothe and 
S. Fluegge 
G. Goubau and 
J. Zennech 


G. Goubau and 
J. Zennech 


Rajewsky and 

M. Schoen 

B. Rajewsky and 
M. Schoen 

W. Klemm 


Biophysics, Part II 


Inorganic Chemistry, 
Part I 
30 Physical Chemistry 
39 Biochemistry, Part I 
42 Biochemistry, Part IV 


K. Clusius 
R. Kuhn 
R. Kuhn 

A catalog of the titles and contents 
of the 88 volumes is available without 
cost from the Office of Technical Serv- 
ices, U. S. Department of Commerce, 
Washington 25, D. C., or from the 
publisher named above. 
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No. 1). The first 
quarterly journal 
devoted to a review of developments in 
vacuum research and engineering, in- 
cluding abstracts of vacuum literature 
from other publications. Available on 
a subscription basis from W. Edwards 
& Co. (London) Ltd., Worsley Bridge 
Road, Lower Sydenham, London, 8S. E. 
26, England; £1. 10s. per year. 


Vacuum (Vol. I, 


number of a new 


Protective Coatings on Metals (PB 
102 172). A 60-page survey empha- 
sizing developments in the field since 
1940; 177 entries arranged in three 
parts—light-metal heavy- 
metal coatings, and organic coatings. 
Available from Office of Technical 
Services, United States Department 
Washington 25, D. C., 


coatings, 


of Commerce, 
$1.50. 


Lamps and Wavelengths of Mercury- 
198 (National Bureau of Standards 
report RP2091) by W. F. Meggers and 
F. O. Westfall, $0.10. Extraction of 
artificial mercury isotope and its use in 
electrodeless lamps to obtain shift- and 
structure-free mercury is de- 
tailed. Measurement of the Proton 
Moment in Absolute Units (RP2104), 
by H. A. Thomas, R. L. Driscoll, and 
J. A. Hipple, $0.10. Measurement of 
absolute value of magnetic field and 
frequency 
nance is used to determine proton gyro- 
magnetic ratio. A Sampling Method 
for Determining the Lowest Eigenvalue 
and the Principal Eigenfunction of 
Schrédinger’s Equation (RP2102), by 
M. D. Donsker and M. Kac, $0.10. A 
preliminary report on the method, with 
an outline of the theory involved and 
two numerical examples. These three 
pamphlets are available from the Super- 
intendent of Documents, United States 
Government Printing Office, Washington 
25, D. C. 


spectra 


required for nuclear reso- 
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PRODUCTS 


and MATERIALS 








BISMUTH-WALL COUNTER 

Radiation Counter Laboratories, Inc., 
1844 W. 21st St., Chicago 8, Ill. For 
gammas from I'*! the measured effi- 
model 12 G-M 


counter is said to be 4.9 times greater 


ereneyv of the mark l, 


than for an identical counter with cop- 
per cathode; for radium gammas the 
factor is 1.3. The counter has a glass 
wall, and a bismuth sereen cathode 5 in. 
long The operating voltage is about 
950 volts; 150-200 
volts. The life of the counter is said to 


be 10° eounts. 


plateau length is 


The bismuth cathode 
coating is not photosensitive. 


SERVO ANALYZER 


Servo Corporation of America, 2020 
Jericho Turnpike, New Hyde Park, 
N. Y¥. The response of 


nisms to sinusoidally modulated carrie1 
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servomecha- 


or low-frequency a-c signals in the range 
0.1-20 eps can be measured with the 
Used 


oscilloscope, it will indicate the relative 


Servoscope analyzer. with an 
amplitude and phase angle of any a-c or 


d-c servo system, servo component, 


automatic control, or regulator. Pri- 
marily developed for the design of feed- 
back control systems, it will also serve 
as a stable generator of low-frequency 


sine or square Waves. 


DOSIMETER AND CHARGER 


Landsverk Electrometer Co., Pippin 
Road, Cincinnati 31, Ohio. X-ray and 
gamma-ray dosage from 0-200 mr can 
be measured with the model L-25 direct- 
quartz-fiber pocket  electro- 
The instrument is shock proof 
and can be charged with a model L-20 
All components, ex- 
cept microscope lenses and the fiber 
Hermetic sealing 
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reading 
meter. 


friction charger. 


support, are plastic. 





Is provided if all openings, Accuracy 


5% of full seale, with 


background leakage less than 2% of full 


iS said to be 


scale per day. The charger has no con- 
necting wires or’ soldered joints. A 
switch permits discharge of dosimeter 


and charger 


DECIMAL SCALERS 

Berkeley Scientific Co., Sixth and Nevin 
Aves., Richmond, Calif. The model 
100 is a basie G-M sealer; the model 110 
is suitable for both G-M and scintilla- 
tion work. Both give decimal present- 
ation on an electronic scale-of-100 with 
mechanical register. The high-voltage 
supply is continuously variable from 
0-2,500 volts with a single control. 
The maximum counting rate is 1,000 
e/sec; the resolution of random pulse 
pairs is said to be better than 7 psec. 
There are accessory outlets for external 
time clock, timer, loudspeaker, or count- 
rate meter. The model 110 also has 
provision for making a predetermined 
number of counts. 


SAFETY LABELS 

Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. Designed as warning 
signals for laboratory containers labels 
printed on rolls of cellulose tape have 
the word ‘‘radioactive’’ and the stand- 
ard danger symbol. Printed in purple 
on a yellow background they can be 
used with label dispensers. 
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NONEXPLOSIVE SURVEY METER 


General Electric Co., Electronics Park, 
Syracuse, N. Y. The explosion-proof 
model 4SN9Al1 survey meter is de- 
signed for use in hazardous atmospheres. 
It is pressurized to 15 lbs/in?; pressure 
operated switches open the battery cir- 


cuit on loss of pressure. Thus no ex- 
plosive gas can enter while the circuit 
is closed. There are also conductive 
rubber bumpers so electrostatic charge 
doesn’t accumulate, and a 22-megohm 
series resistor to limit internal are 
energy. Full-scale sensitivity is 10 
mr/hr, with multipliers of 1, 10, 100, 
and 1,000. The 30-in‘’ ionization cham- 
ber has a 15-in? window and movable 
shields to discriminate among alpha, 
beta, and gamma rays. 


HAND AND FOOT MONITOR 


The Austin Co., Special Devices Divi- 
sion, 19 Rector St., New York 6, N. Y. 
This automatic instrument counts and 
registers the beta and gamma radia- 
tions coming from the hands and feet. 
Set into operation when the person to be 
examined steps onto the platform, it 
registers the count from each foot as 
well as from the palm and back of each 
hand. Counting rates which corres- 
pond to doses higher than maximum 
permissible are shown by indicator 
lights. The G-M tubes in both the 
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shielded 


paper interliners are used to 


hand and foot checkers are 
with lead 
prevent radioactive materials from rub- 
bing off onto the meta! grilles in front of 


the counters 


FLUORINATED COMPOUNDS 

Carbide and Carbon Chemicals Di- 
vision, Union Carbide and Carbon Corp., 
Box P, Oak Ridge, Tenn., Attn. Dr. J. 
D. Gibson. 


30 fluorinated compounds are available 


Research amounts of 
If the use of the compound is of direct 
interest to the AEC, the cost is nominal; 
if not, the cost is that of manufacture 
As much as 10 lbs of a 
few compounds are available, but most 
be had in amounts of 10-100 


gin ( ‘ompounds He ailable on the com- 


plus handling 
can only 


mercial market are not included 


GLASS-WALLED FILTERS 


Micro Metallic Corp., 30 Sea Cliff Ave., 
Glen Cove, N. Y. 


with influent suspensions having varia- 


Designed for use 
ble properties, 304, 316 and 
Hastelloy filters 
septums fabricated from porous stain- 


types 
B glass-walled have 
less-steel sheet. Pore sizes range from 
5 w at the fine end of the filter to 165 yp 
it the coarse end. Percentage of voids 
is 50% As much as 8 ft? of filter area 
ean be contained in a Pyrex glass body 


t'» in. in diameter and 40 in. long. 


EXPLOSION-PROOF POLISHER 


Holt Manufacturing Co., 272 Badger 
Ave., Newark 8, N. J. The 


mander all-purpose floor machine can 


Com- 


be used for sanding, waxing, polishing, 
scrubbing, wire-brushing, and grinding 
It is vapor, spark, and shock 
proof, with all electrical apparatus com- 


floors. 
pletely enclosed and sealed. Moving 


outside parts are built to minimize 


sparks from static. 
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FILM ON AUTOMATIC CONTROL 

Instrument Society of America, 921 
Ridge Ave., Pittsburgh 12, Pa. The 
film ‘‘Prineiples of Auto- 
matie Control’ shows, with color and 


55-minute 


sound, basic principles of automatic 
control. It covers the proper selection 
and application of control instruments. 
Use is made of working models to illus- 
trate fundamentals as well as typical 
control instruments. The film is loaned 
to engineering groups, societies, and 
schools. Companies may either buy or 


rent the film 


PULSE HEIGHT ANALYZER 


Atomic Instrument Co., 84 Massa- 
chusetts Ave., Cambridge 39, Mass. 
Offered for delivery in the first half of 
1951, the model 510 single-channel dif- 
ferential pulse-height analyzer utilizes 
ten-turn helical potentiometers to set 
the upper and lower limits of the pulse- 
The 


mission channel can thus be adjusted 


amplitude discriminator. trans- 


from 0-10 volts in width and can be 
located at any voltage level between 
0-100 Pulses with amplitudes 
outside the channel are rejected in the 


volts. 


unit and do not appear at the output. 


MERGER 

Tracerlab, Inc., 180 High St., Boston 10, 
Mass. has been consolidated with the 
Kelley-Koett Manufacturing Co. of 
Covington, Kentucky, and Cincinnati, 
Obio. The merger was announced by 
William E. Barbour, president of 
Tracerlab. Plans call for the continued 
operation of both firms under present 
management 


CONTAINER FOR COBALT-60 

St. John X-Ray Laboratory, Califon, 
N. J. This combination shipping and 
storage container comes in two sizes. 


One is a 9-in. diameter lead ball weigh- 
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ing 200 Ibs, and the other a 12-in. diam- 
eter ball weighing over 300 Ibs. Each 
comes in a wooden box. The cavity in 
the center of the ball is just large enough 
toholda ‘9 X 44-in. aluminum capsule. 
The cavity is closed with a solid lead 
plug 


SERVO AMPLIFIER 


Servomechanisms, Inc., Old Country 
and Glen Cove Roads, Mineola, N. Y. 
The model SA203 amplifier is a small 
plug-in unit designed for use in analog 
measuring in- 
struments, and industrial process con- 
trols. It contains the electronic circuits 
for the control of a 60-cycle two-phase 
servo motor of five watts mechanical 
output. Changes in load conditions or 
data devices is accomodated by chang- 
plug-in networks for 
straight input, phase shift, or damping 
The instrument has three 


computers, laboratory 


ing internal 


operation 


stages of amplification, one driver 
stage, and a transformer-coupled output 


power stage. 


LITERATURE AVAILABLE 


Enriched Isotopes. Document Y-727 
lists electromagnetically enriched iso- 
topes of 40 elements, available as of 
Feb. 28, 1951. Enriched abundances 
and the element weights and product 
forms are given. Oak Ridge National 
Laboratory, Plant Records Dept., Y-12 
Plant, Oak Ridge, Tenn. 


Ductile Bismuth. Booklet describes 
properties and uses of ductile bismuth 
wire. Fitzpatrick Electric Supply Co., 
444 Irwin at Wood, Muskegon, Mich. 


Metal Walls. Illustrated catalog de- 


scribes the uses of movable metal walls, 
(Continued on page 96) 





Random Notes (Continued from page 3) 





whole idea is experimental and that we 
welcome any and all comments. 

We picked the title ‘‘Random Notes” 
for this section because we felt it would 
give us the greatest freedom in subject 
One staff member, realizing that 
we would probably only use items here 
which couldn't be used elsewhere, offered 
‘‘Waste Disposal’? as a more apt title. 
But this was rejected along with others 
Threshold”” and 


matter. 


such as ‘‘ Across the 


* Back ground Noise.”’ 


e With this issue, we have revised our 
contents page. This change was made, 
not to establish a likely position for 
‘Random Notes” on page 3, but rather 
to permit us to list the greater number 
of article titles which we are now pub- 
lishing. The contents page has the 
highest readership of any page in the 
issue and so we are trying to make it the 
most readable. 
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Also, you will note that the contents 
page now carries the ‘cover story.” 
This is the brief description of the 
photograph which appears on our front 
cover. We are sure that, although we 
have been publishing photographs on 
our front cover for over a year, most 
readers do not realize the effort that 
goes into obtaining 
graphs and preparing them for the 
engraver. For example, for our May, 
1950, issue, our Illustration Department 
did a superb job of ‘‘fudging in” almost 
half of a photograph to give us the size 
we needed. 


suitable photo- 


@ One of the nicest things that ever hap- 


pened to us occurred recently. Our Cir- 
culation Department notified one of our 
subscribers that his subscription had 
expired and inquired whether he wished to 
renew. This man did not want to renew 
but yet he took pen in hand and wrote us a 
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For 
LABORATORY 
PERFECTION 


Cables and Connectors 


Amphenol cables and connectors, 
the finest obtainable, undergo re- 
peated, rigorous laboratory and 
field tests —- your guarantee of un- 
failing channels for precious energy 
flow . . . long leakage paths and 
extremely low loss insure accu- 
rate readings and measurements 
vital to safety and exacting labora- 


tory measurements. 


aM PHENOL 


AMERICAN PHENOLIC CORPORATION 
1830 So. 54th Ave., Chicago 50, Ill. 


long letter telling why It turned out that 
he was 85 years old, was not in the nucleon- 
ics field, hut read our journal hecause of 
his hroad interest in science. Now he 
was at the point where his eyes were start- 
ing to bother him. So he was limiting his 
fime to reading those things u hich were of 
yreatest interest to him But he wanted 
ry much to encourage some younger 
man who was just starting out in the 
nucleonics Ju ld He ered losed u ith his 
letter a &10 check and asked us to give 
* sole promising young man “i a free 
subse ription lo VUCLEONICS. ( This 
happe ned hefore our subse ription rate was 
reduced to 88 a year This we gladly 
did, with the help of one of our editorial 
consultants who recommended a graduate 

stude nt 
—J.D.L. 


Products and Materials (Cont. from p. 95) 





ind gives construction details and 
specifications The Vills Co., 975 
Wa yside Rd.., Cleveland 10, Ohio. 


Cellular Rubber. Brochure describes 
properties of and test data on cellular 
rubber The Sponge Rubber Products 


Co., Shelton, Coun. 


Instruments. Catalog gives descrip- 
tion of and data on radiation-detection 
instruments. Atomic Instrument Co., 
84 Massachusetts Ave., Boston 39, Mass. 


t 
Equipment. Illustrated price list de- 
scribes line of equipment available. 
T'racerlab, Inc., 180 High St., Boston 10, 
Vass 


Pipe Line Filters. Illustrated brochure 
gives specifications and uses of filters for 
pipe lines. Dollinger Corp., 11 Centre 
Park, Rochester 3, N.Y. 


Viscosity Controls. Catalog 88 de- 
scribes instruments for continuous 
viscosity measurement and_ control. 
Fischer and Porter Co., Hatboro, Pa. 
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NEW 
INSTRUMENTS 


For 
TRACER WORK 


Will be displayed by Tracerlab at 
the convention of the Federation of 
American Societies for Experimen- 


tal Biology in Cleveland. Among 


weeen | 


these will be the three instruments 
illustrated on this page. 


Also on exhibit will be various in- 
struments for civil defense against 
radiation, including the only moni- 
tor which has been approved by the NEW Autoscaler for automatic meas- 


7 Pa urements of radioactivity. 
Federal Civil Defense Administra- 


tion. 


NEW Proportional 
Tube for selective 
measurement of 
alpha and beta 
radiation. 


NEW Laboratory Monitor for checking 
contamination and laboratory back- 
ground. 
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DO YOU WANT the advantages 
of storage battery characteristics with- 
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out the disadvantages? Then equip 
with Sorensen NOBATRONS! You 
get adjustable output voltage, stabil- 
ized against changing line AND 
LOAD conditions. You eliminate bat- 
tery charging and maintenance, gas, 
acid hazard. 


Like all Sorensen regulators, the 
NOBATRON is a painstakingly en- 
gineered combination of fine work- 
manship and top-quality components. 
That means accurate, trouble-free 
operation; long life! 

















+ 4 


mopm €E- 6-15 








+ 
4 
b+ 
+. 
a 
= 


8 1 = em 
jesssses: 


ay 


Wee STS See Di 


STANDARD MODELS 
6VOLT SERIES 


£640 
£6100 


12-VOLT SERIES 
€.12.30 


COMMON ELECTRICAL SPECIFICATIONS 





95-130 VAC; adapter transformers 
available for 230 VAC operation * 


Input voltage range 





28-VOLT SERIE 
£265 
E-26-10 
£-28-30 
48-VOLT SERIE 
£.48-15 


€.12.50 
$s 
£28.70 
€-28-150 
€-28-350 


$s 


125-VOLT SERIES 
£.125-5 £-125-10 
Model sumbers indicate voit- 


Output voltage range 


Adjustable + 10% 





Regulation accuracy and 
load range 


+ 0.2% from 1/10 load to full load 





Ripple voltage RMS max. 


1% 





Recovery time 


0.2 second—this value includes charging 
time of filter circuit for the most severe 
change in load or input conditions 





Input frequency range 


50-60 cycles 





ege ond 
£-6-5 
emp tote! capacity 


current; for exemple, 
indicates 6 VOC 


*Some high current units require three-phase input 
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Write for complete information. 


For other regulation problems investigate Soren- 
sen's line of AC Voltage Regulators, Voltage 
Reference Standards, DC Power Supplys. 


Borns 


MANSFACTORERS OF AC LIME REGULATORS, G0 AND 400 CYCLES, REGULATED OC POWER SOURCES; ELECTROMEC 
INVERTERS, VOLTAGE REFERENCE STANDARDS; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS 
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and company, ine. 


375 FAIRFIELD AVE. © STAMFORD, CONN. 





iA sharp, 
bright 
Image 

at ALL 
powers: 


The Outstanding 


Research Microscope by Cit= 


Featuring a built-in illumination system for transmitted light or inci- 
dent light as well as the new Berek double diaphragm condenser, the 
ORTHOLUX provides brilliant, even illumination of the entire field of 
view ... from the lowest power objectives to the highest power immersion 
objectives. 

Unequaled in precision and quality, the ORTHOLUX gives you better 
binocular and monocular observation in transmitted or incident light. A full 
range of accessories is available to equip it for dark-ground microscopy, 
photo-micrography, and the drawing or demonstration of microscopic 
specimens. 

For a demonstration and full particulars on the many outstanding features 
of th ORTHOLUX, see your Leitz Dealer. 


Write today for Catalog Micro-102NU 
Be LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 
LEITZ MICROSCOPES « SCIENTIFIC INSTRUMENTS 


LEICA CAMERAS AND ACCESSORIES 
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ELECTRICAL ... MECHANICAL 
ENGINEERS 


METALLURGISTS, PHYSICISTS and CHEMISTS 





You're on the main line to the top 
when you work at Westinghouse 


UNLIMITED OPPORTUNITIES 


IN DESIGN, RESEARCH, APPLICATION, DEVELOPMENT 


INVESTIGATE 
IMMEDIATELY! 


*Engineers fill 16 of the 29 top executive spots 
in Westinghouse. Hundreds of engineers hold 
high-level 


pportunity to advance is practically unlimited 


staff and supervisory positions. Your 


it Westinghouse 
*Right now Westinghouse is building seven 
new plants. These are not temporary jobs. Nearly 
f the engineers and scientists who joined us 

n World War II are still with us, and 


10 years our total employment has almost doubled 


in the past 


*At Westinghouse you will participate in the 
ition’s defense effort. In 1951 a large part of all 
satisfy the 


Westinghouse production will be to 


iation’s military needs 


THIS MAY BE YOUR OPPORTUNITY TO 
MOVE AHEAD IN THE CAREER OF YOUR 
CHOICE . . . MANY SUPERVISORY POSTS 
IN NEW PLANTS AND DIVISIONS WILL BE 
FILLED FROM OUR ENGINEERING STAFF! 
INVESTIGATE! 


Minimum Experience Required —2 years 
but some of these openings call for top-flight 


men with more experience 


Investigate Westinghouse today . . 


Salaries — Determined individually on the basis 
of the experience and ability of the applicant. 


Location—There are openings for engineers, 
metallurgists, physicists, and chemists at most 
»f Westinghouse’s 36 plants. For example: You'll 
find opportunities to do jet engine work at 
Kansas City, Missouri and South Philadelphia, 
Pa in Ordnance manufacturing at Sunnyvale, 
California and Sharon, Pa on atomic power 
projects in Pittsburgh, Pa in radar and 
electronics at Baltimore, Md in aircraft 
equipment and fractional horsepower motors at 
Lima, Ohio 
lighting at Cleveland, Ohio 
producing equipment to speed the production 


and in commercial and airport 
. and in power 


ines of America. And all of these activities have 
i definite and established peacetime application. 


WESTINGHOUSE OFFERS YOU 
IN ADDITION TO GOOD PAY 


—Help in finding suitable housing 

—Low cost life, sickness and accident insurance 
with hospital and surgical benefits. 

—Modern pension plan 

— Opportunity to acquire Westinghouse stock at 
favorable prices 

—Privilege of buying Westinghouse appliances 
ot employe discount 


. write Mr. R. P. Meily, 


Westinghouse Electric Corporation, 306 Fourth Ave., 
Box 2192 Pittsburgh 30, Pa. 
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Here's PRECISE DETECTION 
of HIGHLY DILUTED 


stable isotopes 


Operating Advantages include: 


For performance char- 

acteristics, operating 

techniques and construc- , 
tion details, write for 

your copy of bulletin 

CEC-1803-X25. 


* 


Through its ability to measure isotope- 
ratio differences in the sixth decimal 
place, precisely and rapidly, the 
Consolidated-Nicr Isotope-Ratio Mass 
Spectrometer is the ideal instrument for 
stable isotopic tracer programs. 


Exceptional accuracy, combined with 
simplicity of operation, make it a prac- 
tical tool for research in the fields of : 
biochemistry and medical research 
chemistry and chemical engineering 
physics and geology 
This instrument is in use in numerous 
medical, biological, and chemical re- 
search laboratories throughout the 
world. It has played an important part 
in many recent discoveries and scientific 
advances. 
1. Two separate ion collectors permit 
simultaneous intensity measurements of 
two ion beams with direct reading of 
the ratio. 


2. Gas samples as small as 0.1 ml., 
S.T.P., can be handled in the readily 
accessible sample introduction system. 


3. Measurement controls are conveni- 
ently located for a seated operator. 


4, Switching controls add flexibility by 
permitting the taking of a variety of 
measurements. 


CONSOLIDATED ENGINEERING 


C or poration 


Analytical Instruments for 
300 N. Sierra Madre Villa 


Vol. 8, No. 4- April, 1951 


a Science and Industry 
Pasadena 8, California 








Includes: 
Count Ratemeter 
Complete Voltage Regulation 
Complete Coincidence Circuitry 
For Either 1P21 or 5819 PM Tubes 


Gamma Sensitivity: 


to 0.001 microcuries |” 


= MACDONALD 
| SCINTILLATION 
COUNTING 


SYSTEM 
TYPE 


155 


For: 
Highest Sensitivity 
Low-Reliable Background 
Tracer Chemistry 
Medical Research 
X-ray Monitoring 
Aerial Monitoring 


WE INVITE DISCUSSION OF PARTICULAR PROBLEMS IN RADIATION DETECTION 


CAMBRIDGE 38, 


W. S. MACDONALD CO., INC. icsssacuuserss 


HOW TO REMOVE 
RADIOACTIVE 
SUBSTANCES FROM 
EXPOSED SURFACES... 





BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 








put 
BACK 


to work 


ISSUES 


Whatever you do with this maga- 
zine after you've clipped pertinent 
articles or advertisements, please don’t 
destroy it. 


HERE’S WHY: 


Churches, Boy Scouts, civic and 
veterans organizations will welcome 
all the wastepaper you have. They 
can get a good price for it. Increase 
their funds. 

And, you can make a direct con- 
tribution to American mobilization 
by saving paper of all types—whether 
in magazine form or not. Since the 
Korean War began, there’s been a 
great increase in the demand for 
products manufactured from waste- 
paper. 

Save it for your favorite organiza- 
tion. Chances are they have sched- 


uled pick-ups. 
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Pepliy te cay way.. 
with WESTON SENSITROL RELAYS 


Operate reliably on values low as 
0.00000000006 watt—and control 
12 watts. 


No standby power required —no 
batteries, tubes, transformers. 


No replacements necessary. 


Magnetic contacts assure reliability 
—not subject to frying. 


Available in single and double con- 
tact types—manual or solenoid reset. 


WESTON High Frequency Electronic Analyzer 


A versatile three-in-one instrument which pro- 
vides a conventional Volt-Ohm-Milliammeter, 
a high impedance Electronic Volt-Ohmmeter, 
and a stable, probe type Vacuum Tube Volt- 
meter for use to 300 megacycles. RF and D-C 
probe supplied. Complete stability is attained 
on all ranges from 3 to 1200 Volts and 200 
Ohms to 2000 Megohms full scale. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
Manufacturer of Weston and Tagliabue Instruments 


616 FRELINGHUYSEN AVENUE e NEWARK 5, NEW JERSEY 
Vol. 8, No. 4- April, 1951 103 











NUCLEOMETER- 
Scaler Type with 
Prefiush 


Flow Counter 


Ask for Information 
Bulletin +10 

for complete 
radioisotype 

equip ment 


RADIATION COUNTER LABORATORIES, Inc. 


. . « + « 1844 West 21st Street, Chicago 8, Illinois 








| PROFESSIONAL | 
_ SERVICES | 








VIDEOSERVICE 
Servicing Nuclear and Electronic Equipment 
in The New York City Area 
INQUIRIES FROM MANUFACTURERS AND 
LABORATORIES INVITED 
Videoservice division of Video Television Inc. 
37-01 Vernon Bivd., Long Island City 1, N.Y. 








New Advertisements 


received by April 23rd will appear in the 
May issue, subject to space limitations. 


Classified Advertising Division 


NUCLEONICS 
330 W. 42nd St., New York 











INDEX TO ADVERTISERS 
April - 1951 
American Phenolic Corp 
Bersworth Chemical Co. 
Consolidated Engineering Corporation 101 


General Electric Co. 
Apparatus Dept... ee : - 


Kelly-Koett Instrument Co., The 
Third Cover 


Leitz, Inc., E. ; + deste cas ee 
MacDonald Co., Inc., W. S.........102 


Nuclear Instrument & Chemical 
Corporation Fourth Cover 


Professional Services 

Radiation Counter Laboratories, Inc. 
Sorensen & Company, Inc 
Tracerlab, Inc. 


Victoreen Instrument Company 
Second Cover 


Westinghouse Electric Corporation. .100 


Weston Electrical Instrument Corpora- 
tion a oa ioe 3 
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Beta-Gamma 
Radiation 
with the Model K-800 


AEC No. SGM-22A 


Listed as Suitable for Civil Defense Monitoring 
Note These Features 


@ Both visual and aural detection. @ Extremely sensitive; detects very minute 

quantities of beta or gamma radioactive 

materials 

@ Responds to either beta or gamma @ Portable, with convenient light probe; 
radiation. completely immersion-proof 


® Sensitive, Geiger-tube type detector. 


Specifications 


RANGES: 0.2, 2.0, and 20 mr/hr; also calibrated in c/m with corresponding ranges. 

CALIBRATION: Accuracy plus or minus 10%. External screwdriver adjustment. ; 

TIME CONSTANT: 10 seconds. 

POWER SUPPLY: Self-contained batteries. 

G.M. TUBE: Model K-23, 30 mg/sq. cm, aluminum. 

AMPLIFIER TUBE: Type CK-522-AX (2 used). 

METER: 214" diameter, 0-20 microampere movement, calibrated in both mr/hr. and ¢c/m. 

PROBE: Light-weight, immersion-proof, stainless steel; movable beta shield; 30” self- 
retracting cord. 

AURAL MONITOR: Small earphone plugs into water-proof jack. 

CONTROLS: Range switch with OFF position. All controls accessible through cover. 

CASE: Rugged cast aluminum, Kelegrey hammertone enamel finish. 

WEIGHT AND SIZE: 10 Ib.; 9-4" x 5” x 414”. 


Applications 
Long-range, low intensity area monitoring for civil defense. 
Measuring radiation from samples in medical, chemical or other laboratory radio-isotope procedures. 
Rapid quantitative analysis of radicactive ore samples. 
Checking leakage from radio-isotope containers or X-ray equipment. 
Field surveys and health physics monitoring. 
General laboratory radioactivity monitoring. 
Remote measurement of height of liquids in tanks subjected to high temperature or pressure. 


Write for Complete Details 
For Nuclear Instruments Depend on the Best 
THE KELLEY-KOETT INSTRUMENT CO. 
936—4 York St., Cincinnati 14, Ohio 





Pictured above ts NUCLEAR Model 


+ * 
Precision 
162 scaling unit adaptable to Geiger 


+ C a | j n g U n i t Ss proportional, or scinisllation counting 
FOR EVERY TYPE OF RADIATION COUNTING 


Whether you plan to do Geiger, proportional or scintillation count- 
ing —whether you require predetermined time or count — whether 
you want simplicity of readings for routine counting —or special 
scalers for the most exacting research — NUCLEAR has the right 
scaling unit for you. You will find that, in addition to building a 
scaling unit for any given operation, NUCLEAR has designed several 
models that are adaptable to many different counting requirements, 
making them excellent for users whose program may be varied. 


No matter how you use them, NUCLEAR scaling vnits give you 
extreme accuracy, convenience and dependability because NUCLEAR 
engineers give painstaking attention to the design and produc- 
tion of quality precision instrumentation for nuclear 
measurements. Before you buy, get the facts about 
these and other NUCLEAR products and services. 


SEND FOR THIS NEW, COMPLETE CATALOG! 


Complete information on all instruments including applications, 
specifications, features, dimensions, etc. Also details on NUCLEAR’S 
special services and products. No organization engaged in 
nucleonics should be without this complete catalog! 


n uclear INSTRUMENT & CHEMICAL CORPORATION 
236 West Erie Street * Chicago 10, Illinois * Cable Address ‘‘Nuclear’’ 


@ Scaling Units for Every Type of Radiation Counting @ Complete “Packaged” 

Counting Systems @ Health Monitoring Instruments for Personnel Protection @ Glass 

Wall, Mica Window, and Windowless Counters @ Portable Count Rate Meters — ¥ 
®@ Complete Line of Accessories for the Nuclear Laboratory a 


4 


nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 





